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SEVENTEENTH ANNUAL REPORT. 



TO THE RIGHT HONOURABLE 

LORD BALFOUR of BURLEIGH, 

Her Majesty's Secretary for Scotland, 



OfFios OF THE Fishery Board 

FOR Scotland, 
Edinburgh, \bth April 1899. 



My Lord, 

In continuation of our Seventeenth Annual Report, 
we have the honour to submit — 



PART II.— REPORT ON SALMON FISHERIES. 

The fishing season of 1898 appears, from all available sources Roturus of 
of information, to have been considerably below the average. The p^iSay and 
returns furnished by the Scottish Railway Companies and Steam- steamship 
ship Owners as to the weight of salmon forwarded by them from ^""P^^*®**- 
all parts of the country show a total of 1717 tons 4 cwts., as 
compared with 2194 tons 5 cwts. in 1897, being a decrease of 477 
tons 8 cwts. Particulars for the five last years are shown in the 
following Table, together with the averages for the five years : — 
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In Note V. appended will be found the details of the averages here p- W- 
given. The practice of distributing salmon direct from rivers and 
fishing stations to various markets, rather Ihan as foiAnerly for- 
warding all fish to London, seems to be on the increase in Scotland, 
and for this reason we have referred to the returns of the Railway 
and Steamship Companies as giving a fuller account of the trade 
in salmon than is now to be obtained from Billingsgate. A com- Number of 
parison of the figures derived from these two sources of information Salmon sent to 
show a marked difference. The number of boxes of salmon sent to Biiiingsgnte. 
Billingsgate in 1898 was 14,174, as compared with 16,284 in 1897, 
being a decline of 2,110 boxes. But the total delivered at Billings- 
gate — taking a box as 1 cwt. — represents only 708 tons 14 cwt., 
so that fully 1,000 tons of salmon seem to have been sent to 
markets other than Billingsgate. 

With reference to the Billingsgate returns themselves, this year's 
figure is lower than any since 1879. The average for the period of 
eighteen years since 1879 is 23,161 boxes, compared with which the 
figure for 1898 shows a decline of 8,987 boxes, but from the infor- 
mation supplied from the Railway and Steamship Companies this 
decline may be regarded as due in a measure to the practice already 
referred to of sending salmon direct to otlier markets. 

Tabt^ showing the Number of Boxes of Scottish Salmon sent to 
Billingsgate from 1834 to 1898 inclusive : — 



Year. 


Boxes of Salmon. 


Year. 

1 


Boxes of Salmon. 


1834 


30,650 


f 

1867 


23,006 


1835 


42,330 


1868 


28,020 


1836 


24,570 


1869 


20,474 


1837 1 


32,300 


1870 


20,648 i 


1838 


21,400 


1871 


23,390 


1839 


16,340 


1872 


24,404 


1840 


15,160 


1873 


30,181 > X 


1841 


28,500 


1874 


32,180 xx 


1842 


39,417 


1875 


20,375 1 


1843 


30,300 


1876 


34,655 V . 1 


1844 


28,178 


1877 


28,189 , ' 


1845 


31,062 


1878 


26,465. 


1846 


25,510 


1879 


13,929 


1847 


20,112 


1880 


17,457 


1848 


22,525 


1881 


23,905 


1849 


23,690 


1882 


22,968 1 


1850 


13,940 


1883 


35,506 \- 


1851 


11,593 


1884 


27,219 ^ 


1852 


13,044 


1885 


30,362 a 


1853 


19,485 


1886 


23,407 


1854 


23,194 


1887 


26,907, 


1855 


18,197 


1888 


22,857 


1856 


15,438 


1889 


21,101 


1857 


18,654 


1890 


18,931 


1858 


21,564 


1891 


25,889 . 


1859 


15,823 


1892 


i •: 21,919 


1860 


15,870 


1893 :• 


' - '• 18,903 ; 


1861 


12,337 


1894 ~'- 


15,489 


1862 


22,796 


1895 


26,364 *r- 


1863 


24,297 


1896 


22.435 :/V 


1864 


22,603 


1897 


16,284 


1865 


19,009 


1898 


14,174 : -; 


1866 


21,725 







Digitized by 



Google 



vni 



Report on Salmon Fisheries. 



Monthly A monthly return of the number of boxes from all Sources 

^uiSi*"^ received at Billingsgate has been, as hitherto, kindly furnished by 

sahnon sent to the Fishmongers' ( 'onipany. The column referring to Scotktid 

Billingsgate. ^^^ ^^ following totals :— .Fan., — ; Feb., 525; March, 866 ; 

April, 809; May, 1,430; June, 2,668; July, 4,166; August, 3,169 ; 

S«pt., 487, and 18 frozen; Oct., 20 frozen; Nov., 14 frozen; Dec-, 

2 frozen ; total, 14,174. Prices varied from 26. 4d. per lb. Ih April, 

to Is. 4d. in July and August, the frozen salmon being frofii Is. 9d. 

to Is. lid. per lb. 

Table showing Number of Boxes of Scottish Salmon delivered at 
Billingsgate each Month for the Years 1884 to 1898 
inclusive :— ^ 

Table of Boxes 
of Scottish 
Salmon sent 
toBilUngsgate 
in eac'h 
month. 



Month. 


Average of 
10 years, 
1884-93. 


1894. 


1895. 1896. 


1897. 1898. 


Average 
monthly price 
per lb. during 

1893-96. 


Average 
monthly 

urice per lb. 

during 1897. 














8. d. 


8. ll. 


s. d. 


January, . 














2 9 


FebniHiy, 818 


327 ! 400 822 


■773 525 


1 94 


2 OJ 


1 10 


March, . 1,071 


692 1,207 1,385 


724 866 


1 84 


2 5 
2 2| 


2 1 


April, . Ijm 
May, . . 2,335 


887 1 1,160 1,680 


1,0S8 8r>9 


1 94 


2 4 


1.7^5 2,567 2,876 


2,311 1.480 


1 8 


16 2 


June, . . 3,540 


3,078 


4,611 3,595 


3,127 2,668 


1 4J 


1 44 1 5 


July, . . 


7,949 


4,464 


9,066 7,450 


5,081 , 4,166 


Hi 


14 14 


August, i 


6,094 


3,968 


5,694 4,477 


3,001! 8,169 


1 1 


15 14 


SeptBttibe^ 5-26 \ 528 


659 750 


213 487 


1 10 


2 2 


Do., 


... 




♦6 18 




*1 7 




October, . 


... ... 






♦9 '20 




♦1 7 


2 11 


November, 


... 






♦14 






♦1 9 


December, 
Total, . 


... 1 ... 


. 




•1 2 


... 






i»5,745 16,489 25,364 


22,435 


16,284 14,174 


1 



* Frozen salmon. 



i»- 1'^. The answers to the queries issued to Clerks of District Fishery 

Boards show also that, with the exception of the Ness and, in 
part, the Ythan, the fishing has been below the average. These 
answers Will be found in Note I. appended. 

The Spawning If the TOports Concerning the take of salmon show an unfortunate 
' ^^^' decline, the reports from the various Fishery District Boards seem 

to indicate that while the lack of water experienced in almost all 
our salmon rivers impeded the free entry of fish for most of the 
' season, the full condition of the rivers in the autumn and early 
winter months enabled large numbers of spawning fish to ascend, 
and become freely distributed in many of the rivers. Only in a 
very few districts is the spawning season described as rather under 
the average. Reports such as "a good average," "fully an aVetage," 
and '* much above average," are more frequent (vid^: Note I. 
Appendix). 

No disease is reported from most of the rivers flowing directly from 
rocky and mountainous country, as, for instance, the Ness, Lochy, 
Findhorn, Nairn, Dee (Aberdeenshire), Kennart, Balgay, and Lussa. 
Lowland rivers which app»ar to have escaped ate the Ayr, Doon, Dee 
(Solway), Glrvan, and Cree. In the riverg of East SWtherla^idshire 



Salmon 
Disease. 
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disease has been very slight, but after ceasing in March it reap^ 
peared to some extent during July and August. In the Tay, 
Saprol^fpiia appeared at the end of October, was worst about the 
end of December, and the Clerks of the District Board report that 
tliey are uncertain if it ever quite disappeared during the year. In 
the Spey it appeared first on 30th October, and was worst in 
January. 113 fish were removed from the river, of which number 
62 were male grilse and 31 were male salmon. In the Forth 
district the disease did not appear till December. It reached its 
height in January and disappeared in April. It may be remarked 
that in most of the rivers where disease appeared the condition of 
the water level at the time is reported as being low ; whereas in 
some rivers, such as the Aberdeenshire Dee, the Nairn, and the 
Balgay, where disease occasionally appears, the water ran high 
during most of the spawning season, and no disease was seen. 
Unfortunately in the returns dealing with the Lowland rivers 
which had no disease present last year, no record is given of the 
height of the water either under the heading of " Disease " or of 
" Spawning Season." 

In his annual tour of inspection, Mr. Calderwood visited the iiisi/ectionn 
rivers Tay, Earn, Lyon, Tummel, Ness, Moriston, Beauly, and '^"""V .' "* 
Conon, with its tributaries of Orrin and Bran. Mr. Calderwood*8 
general report to the Board will be found appended. He also 
inspected the river Ayr for the purpose of advising with regard to 
the need for a salmon pass in the dam dyke at Overmills, and ' r 

also to inquire into the proper carrying out of the requirements of • ' " 
the Salmon Fisheries (Scotland) Act, 1868, with regard to the 
hecks at Overmills and the Nether or Ayr Mill. He also inspected 
the lower section of the river Doon. At a later date he visited the 
Isla and Ericht tributaries of the Tay, the Ix)chy and Spean, and 
the Don and Ythan. The pollution of the Don has called for 
action on the part of riparian proprietors, through the District /. • '. 
Fishery Board. Mr. Cyalderwood, in his report on this river, refers ' j; 
with some detail to improvements necessary to allow salmon to 
ascend the various artificial obstructions, the greatest of which is 
the Mugieinoss Dam, ond he also states that in order to restore the 
river to its former condition, and to admit of the proper distribu- 
tion of spawning fish, it seems necessary that the various large 
millowners be required to abstract less water from the river than 
they do at present. In Note III. will be foimd a report by Mr. p- ''i 
Calderwood on the cruives of Scotland. He draws special 
attention to the position of the cruive at. Craigforth, near 
Stirling. With regard to the river Spey, it has been de- 
cided by the First Division of the Court of Session that the^'ourtof 
pollution caused by the many distilleries which have now been r^j^nling 
erected in the district may legally be complained against. The pollution of 
particular case which has been the means of establishing the ^^' 
position of riparian proprietors in this matter was that of the 
Countess-Dowager of Seafield and others r. Kemp. The Lord 
Ordinary (Kyllachy) found that until a period well within th^ 
years of prescription the waters of the Eingorm Burn (on whicli 
Kemp's Macallan Distillery has long been situated), and also of the 
river Spey, were substantially unaffected by artificial impurities, and 
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were, under normal conditions, fit for all the primary uses; and that 
the defender has no right to pollute the waters by discharges of the 
waste products of the distillery. Consideration of application for 
interdict against the proved pollution was, however, delayed till 
the effect of certain remedial works executed by the defender 
should be tested. The First Division, when this interlocutor was 
reclaimed against, adhered to the declaratory findings under the 
two first heads, in so far as these related to the pursuers other 
than Mrs. Kinloch Grant, Arndilly ; and in regard to Mrs. Kinloch 
Grant, found that the defender had no right or title to discharge 
into the Ringorm Burn any impure matter prejudicial to the 
salmon fishings of Mrs. Kinloch Grant The findings of the Lord 
President, and of Lord Kinnear on a special point in the case, are 
i>. M. fully quoted in Note IV. appended. 

The deplorable state of matters with regard to the salmon 
fishings of the river Nith, referred to by Mr. Archer in last year's 
report, seems still to continue. Very little has been done, so far as 
reports from the district show, to bring the sixteen obstructions, 
referred to on page 10 of Mr. Archer's report, into harmony with 
the provisions of Schedule G of the Salmon Fisheries (Scotland) 
Act, 1868 (31 & 32 Vic. cap. 123). 
Aimuai oiow In Notc VI. of the Appendices will be found a list of the dates of 
'^^\\ the commencement and termination of the annual close times for 

net and for rod fishings in the various salmon rivers in Scotland. 
List of In Note VII. of the Appendices a list is given of the Chair- 

i^e^ro?*"'* men and Clerks of the Salmon Fishery District Boards of Scotland. 
District This list contains two additions to the list of 1897, viz., Snizort 

BoardR. ^^^ Sligachan. These two Skye Boards have arranged to supervise 

^' * the fresh-water fisheries of the Island by means of a combined force 

of watchers. 

luvestigations The Scientific investigatious into the Life History of the Salmon 

0D the Life reported upon last year have been continued with a view to 

^aTmoi °' *^*^ completion. The results are, however, not yet ready for publication. 

We again desire to express our thanks to the noblemen and 

gentlemen who have kindly supplied fish for examination in the 

Laboratory of the Royal College of Physicians, Edinburgh. 

We have the honour to ]>e, 

Your Lordship's most obedient sei-vants, 

ANGUS SUTHEKLANI), Chairman. 

D. CRAWFOKD, Deputy-aimrTtian. 

D'AllCY W. THOMPSON. 

J. RITCHIE WELCH. 

W. R. DUGUIU. 

ARCHIBALD JAMKSON. 

L MILLOY. 

WM. C. ROBERTSON, Saretanj. 
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REPORT. 



I HAVE the honour to submit my Report for the year 1898 to the 
Fishery Board for Scotland. 

By direction of the Board, and at the request of the provost, magis- Ayr. 
trates, and councillors of the to^\^l of Ayr, I inspected the dam and 
hecks at Overmills and the heck at the Nether Mill on 9th September, 
for the purpose of inquinng into the condition of the structures named, 
and their effect upon the salmon fisheries of the river. 

Overmills, — The dam dyke is 490 feet in length, has an average 
height of about 6 feet, and an average gradient of 1 in 3. There is 
no fish-pass, and during normal and low conditions of the river, as 
during my visit, the dam is, in my opinion, a complete obstruction to 
the ascent of salmon. I w*a8 enabled to study the fluctuations of 
water-flow from readings of water gauges erected at the weir five 
months before my visit. By these and by enquiries I made as to the 
water-power neces.sary to drive the mill in a paying manner, I was 
satisfied that no loss would accrue to the tenant of the mill, except 
during extremely low conditions of the river, or when the greater peit 
of the face of the weir was dry, with the crest, in the neighbourhood of 
the gauges, two inches above the level of the upper pool I may state, 
however, that several decisions of the Courts have sufficiently proved 
that any loss which might occur by the erection of a salmon pass in 
conformity to the requirements of the Salmon Fisheries (Scotland) Act, 
1868, Schedule G, must be i*egarded as incidental to the requirements 
of the Act. 

I made a careful examination of the whole of the weir, and of the 
bed of the river below the weir, and I indicated to the sui'veyor of the 
burgh of Ayr, whase duty it will be to carry out the erection of the 
fish -pass, as also to the chairman and clerk of the District Fishery 
Board, the exact position where, in my opinion, the pass should be 
erected. At the same time I explained to the surveyor the require- 
ments of Schedule G, and indicated what seemed to me the most 
advantageous method of adaptation in the Overmills Dam. 

The upper heck of the mill conformed to the regulations, but the 
lower heck was so arranged as to be readily converted into a salmon 
trap. This, I indicated, should be modified in accordance with the 
bye-law. 

yeiher Mill or Ayr Mill,—! found the heck on the upper lade much 
damaged, but constructed on a satisfactory principle. There was no 
lower heck. The representatives of the burgh — eight of whom were 
present, and by whom the mills are leased — raised the objection that no 
tail-lade existed, and that, therefore, they could not be compelled to put 
up a heck, or to construct a tail-lade for the purpose of erecting a heck. 
The clerk of the District Fishery Board having indicated that his 
Board did not intend to ask the Town Council to build a tail lade, I 
took the opportunity of indicating how a heck might be conveniently 
erected without the construction of a tail lade. 
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At a subsequent date I attended a meeting of the committee of the 
Town Council and repi-esentatives of tlie District Kinhery Board, for the 
final adjustment of diflSculties which had arisen in connection with the 
propased altemtion of the dam dyke at 0\ eimills. The Town Council 
being emban-assed, however, by the attitude of the lessee of the mill, 
the matter was carried before the Shenff. The following extract from 
a letter of the clerk of the Disti-ict Board of Ayr shows clearly the 
result, and may be instructive to those who may be similarly situated 
in the future. Mr. Macrorie writes to me *uider date of 23rd Maixih 
1 899 Jis follows : — " The Sherift' intinmtes to the Town Clerk that, after 
considering all the authorities, he was clejirly of opinion that the town 
was bound to form the salmon ladder and put on proper hecks. In 
consequence of that expression of opinion the town have now lodged a 
minute consenting to an order being pronounced ordaining them forth wiik 
to form a salmon ladder and to put on hecks, the work to be done at 
your sight and to your satisfaction, and the Sheriff has to-day granted 
the order in terms of the minute. I have written the Town Clerk to 
send you on at once a plan and specification of the proposed ladder for 
your consideration. . . ." 

Doon. On visiting the river Doon on the occtusion of my inspection in the 

Ayr river, I was able to instance a heck, built at the mouth of a culvert 
nt tlio Dutch Mills, alK)ve the old Brig o' Doon, as constructed on a 
plan suited to the culvert of the Nether or Ayr Mill, concerning which 
difficulty had been raised. 

^oTih. I visited the cruive dyke at Oraigfortb in the neighbourhood of 

Stirling, for the purpose of examining that structure. Special reference 
to it will be found at tlie end of Note III. appended (p. 56). 

TQarn. A scheme for the improvement of the salmon fisheries of the river 

Earn is at present under the consideration of the Tay Distiict Fishery 
Board. A memorandum, prepai*ed by Sir Robert Moncreiffe, the 
chairman, was first address^ to the various pi-oprietors interested in 
November 1897. A report on an inspection of the river Eain by my 

p. 4P. predecessor, Mr. Archer, will be found in Note II. In general terms 

the proposals are to lease for a period of years the net fishings and 
cruive fishings of the river, and to erect suitable salmon passes in such 
weirs as at present form obstructions to the pfissjige of fish. There are 
in all six weirs on the river Earn. 

In accordance with a decision of the Fisheiy Board for Scotland, by 
which, as part of the annual tour of inspection, the obstructions referred 
to should be examined, I visited the district during the second week of 
Octol>er. 

The cruive dyke at Dupplin is, without doubt, the most serious 
olistacle in tlie river. It is the fii*st obstruction encountered by 
.ascending fish, and, except during floods, is i\ complete barrier. One 
cmive-box exists, and all the water of the river during low levela is 
compelled to find its way thix)ugh the box. At the time of my visit 
salmon and sea-trout had accumulated in great numbers below the 
cruive, the latter being so closely packed in the shallow water at the 
margins of the main current that they could be ea.sily lifted out. The 
rush of water through the cruive box was too great for any fi«h to 
penetrate. A second cruive-dyke exists at Strathallan, a very steep if 
comparatively low weir about eight miles up the river. In this case aluo 
one cruive-box causes a very great rush of water. In the Eighth Annual 
Report, Part II., Appendix, p. 57, the measurements of the weirs and 
the cruive-boxes are given by Mr. Young. Further reference to cruives 
will be found in Note III., p. 51. A short distance up stream another 
obstruction is formed by Milleam Weir. The mill is now only used for 
threshing purposes, pi^eviowsly it was a meal mill. The dyke is low, aiwl 
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although it lias no aahnon pass, it does not seem to offer any very 
serious barrier to the ascent of fish when the river is in a condition for 
salmon running. Next in the ascent of the river comes Colquhalzie 
dyke, also a low dyke, though rather more difficult of ascent than 
Millearn. No pass exists. About a mile below Crieff is Dornoch dyke, 
an obstruction of considerable magnitude. Two meal mills ai^ worked 
by the water obtained by means of this weir, one on each side of the 
river. Mr. Young {loc. cit) states that a right of cruive-fishing was 
originally held here by Lord Willoughby, but that, in order to benefit 
the fishings, the cruive was removed and a fish-pass substituted. Since 
the date of this sportsmanlike action another structure has been added 
to the dam, ostensibly for the purpose of assisting salmon to ascend. 
A breach has, however, recently occuired in the dyke which happily 
is to be permitted to remain (Note I., Appendix, p. 16). A 
short distance above Crieff bridge is the last weir on the river, 
excepting a couple of insignificant dams for working small saw-mills. 
Cook's mill dyke, which supplies water to what is termed the Bridge 
End Meal Mill — the name of Cook seems associated only with the 
dyke — is again not very serious as an obstacle to the ascent of fish, 
although it certainly should be provided with a salmon pa.«!S. None of 
the mill lades on the Earn are provided with hecks, and the case of the 
Bridge End Mill is certainly the most serious. The upper lade is about 
600 yards long, and is provided with strong sluices. Two wheels exist 
in the mill, and the tail-lade is continued into the river in such a way 
that it forms a ready opening for the entrance of fish. It is overhung 
with bushes, and has a stony natural bed. It should not be allowed 
to continue without a heck. A bye-wash also exists which, when the 
mill is not working, throws a torrent of water at right angles to the 
, natural flow of the river. So far back as 1882 the Tay District Fishery 
Board issued circulars explaining the requirements of the Salmon 
Fisheries (Scotland) Act, 1868, with regard to hecks, and calling upon 
every mill-owner in the Tay District to comply with the regulations. 
The requirements of the Act with regard to hecks are as follow^ 
(Schedule G^:-^- 

"3. At tne intake of every lade there shall be placed and con- 
stantly kept a heck or grating for each opening, or one 
embracing the whole openings, the bars to be not more than 
three inches apart, if horizontal, and not more than two 
inches if vertical. 
4. A similar heck or grating shall be placed and constantly kept 
across the lade or troughs immediately above the entrance to 
each mill-wheel. 
b. A similar heck or grating shall be placed and constantly kqpt 
across the lower end of each tail -lade at its entrance into the 
main river." (Then follows a note containing a recom- 
mendation as to the construction of lades, so as to compensate 
for the space occupied by the bars of the hecks). 
This need for hecks in the Tay district is also seen in the neighbour- Ericht. 
hood of Blairgowrie, in the river Ericht, a tributary of the river Isla. 
I visited this locality at a subsequent date, and saw, in the lade of the 
Mnckle Mill, a pair of small salmon, and several pairs of sea-trout pre- 
paring to spawn. It may be argued that the Ericht is now a quite 
unimportant salmon river, and that migratory salmonidse do not reach 
Blairgowrie till the close season; but so far as my observation goes, 
the pollution referred to in Mr. Young's first report, page 13, does not 
now exist, and such fish as enter the river are only stopped by the 
high impassable weirs where the Tay District Board have already 
ezpenmcuttd unsuccessfully with the Macdonald Fish Pass. Mr. 
B 
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Young (loc. cit.\ referring to a book by William Gloag, Deputy 
Collector of Cess, says that it is there stated that the fishings at the 
Keith — which is situated between the present mills of Ash bank and West- 
field — were worth £164 16s. annually, at so recent a date as 1835, and, 
he adds, no doubt with truth, that no one would now give £1 a year for 
them. The mills were all working at the time of my visit, yet the water 
ran clear, and I understand that it is never polluted by the flax miUs. 
The river seems well suited to salmon, and I have no doubt they would 
enter it in numbers and ascend to the impassable weirs above Blair- 
gowrie, if the river Isla fonned a greater attraction to the salmon and 
sea-trout of the main river Tay. 
•«la- It seems certain that in former times salmon entered the Isla 

earlier in the season, and were numerous in the river. Where the 
more rapidly flowing Ericht joins the Isla several fine streams give 
life to the latter river ; and in the neighbourhood of Meigle other streams 
exist ; but for twelve or thirteen miles upwards from the junction of 
Isla with Tay, at Meiklour, the Isla is a sluggish canal-like river, 
except for the localities mentioned. It does not appear that when the 
fishings were more prosperous the chief features of the river were 
different, and on this accoimt I was anxious to inspect carefully the 
junction of Isk and Tay at Meiklour. On 3i*d November 1891, a 
committee of the District Fishery Board reported to the Board at Perth 
that the rtunovu* of the existence of a gravel bank at the mouth of the 
Isla was without foimdation, that no gravel bank had accumulated at 
the mouth of the river, and that there was suflicient water for fish to 
enter the tributary at all times and seasons. The report of the com- 
mittee contains no suggestion a« to the cause of the decline in the fish- 
ings in Isla. 

The Tay, at Meiklour, sweeps round in a bow-shaped course, the^ 
greatest force of the current being towards the east or Isla side. The 
current impinges with some force above the mouth of the Isla, and the 
fact that the point between the two rivers, as well as the bank for some 
distance up the Tay, is strengthened by solid masonry, inclines one to 
suppose that the encroachment of the water on the lands of Meiklour 
had become marked, and that building was resorted to in order to pre- 
vent a further denudation of the point which separates the two rivers. 
If this supposition is correct, we have only to restore, in imagination, 
the point and the left bank of the Tay above the point, to see that the 
"lead" into the Isla has been rendered much less direct by the process 
of denudation than it formerly was. It may not be possible at this date 
to restore the banks so as to give a greater chance for ascending fish to 
enter Isla, but the other alternative remains of attempting to increase 
the sluggish flow of Isla at the point, by concentrating the water, by 
means of a croy or imperfect dam, so as to increase the current. Such 
an attempt has recently been made at the mouth of the Teviot by means 
of a barrier or imperfect dam. At present the current of the Tay may 
be said to be quite unaflfected by the entrance of the Isla water. I 
would venture to suggest, however, that the projection of the point of 
land is likely to produce the best results for the Isla. At present the 
fishings of this river have sunk to so low an ebb, during the best of the 
season, that no attempt is made to maintain them, nor is any assessment 
levied upon the proprietors. Pike have become too numerous, and 
attempts which have been made to net them out have not resulted in 
much success. The characteristics of the Isla seem to be favounible 
to grayling fishing, yet graylings are not taken in numbers. This fish 
seems to me to deserve more attention than is commonly given to it. 
The introduction of grayling into the Clyde at Abington, in 1855-56^^ 
formed the first attempt tQ accliiQatis^ the species, .and $he .^x^rifl^^^. 
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has been most successful. Although the sporting qualities of this fish 
are not equal to those of trout, the grayling Ls adapted for the rather 
more sluggish water which is to be found in some of our rivers, and 
which is of inferior value for trouting ; and the fish is in best condition 
during the winter months, when trout are out of condition if not out 
of season. 

Banks of gravel, such as were supposed to exist at the mouth of the 
Isla, are more likely to arise at the confluence of rather rapid streams, 
as at the points where the Lyon or the Tummel joins the Tay. The Lyon. 
Gallan Falls, above Meggemie, on the Lyon, were visited on the last day 
of the rod- fishing season, but, owing to the low condition of the river,? 
the few salmon which were seen attempting the lower cascades were 
unable to ascend. The Falls of Tummel, the weir at Dalcroy, and the Tummel. 
falls at Dunalister were the obstructions visited during the inspection of 
the latter river. 

Several parts of the Spey District were also visited. The important Spey. 
case of the Countess Dowager of Seafield and others against Roderick 
Kemp, of Macallan Distillery, with reference to the pollution of the 
Ringorm Burn and River Spey, has significance not only for all other 
distillers who pollute the Spey, but for the manner in which river 
pollution in general may be opposed by riparian proprietors. Several 
good salmon streams in Scotland have been entirely closed to migratory 
fish through being regarded as convenient effluents for the poisonous 
bye-products of manufactories. In the case of the Spey, time has been 
granted by the Court, in order that another method of disposing of the 
deleterious matter may be devised The decision of the First Division 
of the Court of Session will be found in Note IV. P- ^* . 

A river which may be described as hanging in the balance between Pq"- . ^ * ' 
extreme pollution and a return to its former condition of a salmon 
river of the first class, is the Don. To render this river satisfactory to 
both upper and lower proprietors three lines of improvement seem 
to be necessary : — {a) To stop pollution by arranging that deleterious 
matter be disposed of through other channels. (ft) To regulate the 
amount of water which it may be permissible for any mill or factory 
to abstract, (c) To afford salmon greater facilities for a.scending the 
artificial obstructions of the river. 

In my inspection I ascended the river from the Bridge of Don. I 
shall mention the matters which more especially engaged my 
attention in the order in which they occur from the mouth upwards. 
At Kettoch Mill, on the left bank — a barley and meal mill which 
appears to cause little or no pollution — a heck exists at the foot 
of the tail race, but it is of an unsatisfactory type. The bars are thin 
and irregular, and even at normal flow of the river do not reach as high 
as the surface of the water. Ascending salmon could easily swim over 
the upper surface of the heck, and I was informed by the local inspector 
that they do so in considerable numbers, and that the lade between the 
mill and the heck is hunted by poachers on all possible oppoi* trinities. 
A more suitable heck should be provided. The dam-dyke offers little or 
no obstruction to ascending fish. It is built at a bend of the river, and has 
a Y-shaped angle pointing up stream. The apex of the V forms a good 
pass for salmon, the dyke being comparatively low. 

Gordim*8 Mills and Don Mills, on the right bank — carding and 
spinning mill, and paper mill respectively. The dyke which enables 
water to be drawn to those mills is not only a dam -dyke, but is also a 
cruive-dyke or fishing weir. At normal conditions of flow the whole of 
the water in the river passes through the four cruive boxes {vide Note 
III.). Immediately below the cruives, Plate I., the fishing pool known p. 54. 
as the Lebby Pot occurs. This pool, which has been netted for a great 
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number of yeai-s, is maintained by a check -dyke, a structure which, 
unless explained in some very special way, seems to me to be illegal, 
and concerning which I have entered into communication with the Don 
District Fishery Board. 

Immediately below the cruives the t^il lade of the Grandhdm Mills — 
a cloth manufactory — on the left bank, enters and swells the water of 
the Lebby Pot. This lade is about a mile in length, and contains a 
large amount of water. In this mile the fourth mill occui-s — Messrs. 
Pirie's rag mills — but the water for this mill is led off on the right bank 
by a long lade starting from a dyke about 200 yards above that which 
gives water to the Grandholm Mills, so that the cruive and dam-dyke 
at Gordon's Mill is deprived of water by the very long lade of the 
Grandholm Mills alone Some advantage is gained by the length of 
the lade to the last-mentioned mills — a substantial structure cut through 
rock for a gi^eat part of its course — in that the dam-dyke at the upper 
sluices is low, and offers no great obstacle to the ascent of salmon. 
The same may be said of the dyke supplying Woodside rag mills, 
although, unlike the Grandholm Mills, these are close to the 
river. It is built, like the dam at the Kettoch Mill, with an up 
.stream angle, and in addition, a broad race passes off close to the left 
bank and enters about a hundred yards lower down without any obstruc- 
tion, so that by this race salmon could pass up stream without ascending 
the dam. An example of the effect of a too short lade is seen at the next 
or Mugienioss Mill — Messrs. Davidson's paper mill. The dyke hei-e has 
become notorious aK an obstruction to the ascent of salmon, and during 
last close season the fish had to be netted out of the pool below, and 
conveyed (in the water-carts of Aberdeen) to the river some distjince 
above. This Mugiemoss Dam is refeired to by Mr. Young in his Ist, 
8th, and 9th Reports, and more briefly by Mr. Archer in the 1 1th 
Report. Several modifications have from time to time been made on 
this dyke in order to facilitate the ascent of salmon, but the obstruction 
is still most formidable. In my opinion no slight modification will here 
be of much avail, and unless a nidical remodelling is undei-taken, any 
improvements in other parts of the river will suffer if (and the ample 
supply of pure water must be considered of pai^amount importance) the 
increased distribution of migratory fish so much needed for the improve- 
ment of the general fisheries of the river be not facilitated at Mugie- 
moss. 

At the time of my inspection, owing to a sudden reduction in the 
water-flow, due presumably to the opening of mill sluices further up, 
Mugiemoss dyke was deprived of much water (the state of the river 
had been previously estimated as six inches above normal). By wading, 
I was therefore enabled to make a thorough examination of the whole 
structure. 

The down-stream face of the dyke is roughly elliptical in contour, a 
straight salmon pass exists down the centre of the dyke, and at the foot 
of this pass, between the side arms of the dyke, a long flat apron extends. 
The outline of the apron is necessarily also elliptical; it is rendered 
perfectly smooth by cement, and is the most singular feature of the 
obstruction. The height of the dyke from the flat siu'face of the apron 
is about 8^ feet, and the length of the down-stream face, as measured, 
down the side of the pass, is 45 feet. This measui-ement also represents 
the length of the pass, the breadth of which I found to be 5 feet, the 
depth about 3J feet, the floor being roughly rounded throughout ; and 
the depth at the sill 18 inches. No breaks or stops exist, and therefore, 
although measuring from the sill to foot of pass, the gradient is one in 
five — the minimiun recognised by Schedule G of the Salmon Fisheries 
(Scotland) Act, 1868 — the length of the pass is such that the descend- 
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ing water attains very great momentum. Except in low conditions of 
water, it would be impossible for salmon to swim through the foaming 
race in the pass, and during these conditions the water covering the flat 
surface of the apron is not more than ankle deep, thus entirely depriving 
fish of a " take-off." (^n the left side of the dyke a slight angle in the 
masonry and upper sill exists, and I am informed by the keeper, who has 
for a number of years carried on the net fishing in the neighbourhood, 
that when the river rises, and fish begin to run, the ascent is made at 
this slight angle. The length of the apron from the foot of the pass I 
'fotmd to be 124 feet. Immediately beyond the apron, which ends quite 
abruptly, the water is very deep. Fish attempting to ascend the 
Mugiemoss dyke have therefore to come to the suiJace at the lower end 
of the apron, to traverse the shallow water on top of the apron, and 
then from this almost impossible position to attempt the very difficult 
ascent of the weir. 

In order to give facilities for fish to ascend, it is necessary, in my 
opinion, to give them deep water on the surface of the present apron. 
Three subsidiary dykes of 3 feet, 4 feet, and 5 feet height, buUt transversely 
across the line of water flow, parallel to each other, would accomplish 
this end, and would also flood the present pass sufliciently to afford 
salmon an easy entrance to the upper river. It is necessary that the 
lowest subsidiary dyke be placed at the extreme end of the apron, so as 
to allow fish the benefit of the deep pool in jumping the dyke. A depres- 
sion in the centre of this dyke 6 in. deep by 5 feet broad might be allowed. 
1 would suggest that from this point the other two dykes should be 
erected 30 feet up stream and 60 feet up stream. A pool-pass of this 
kind takes advantage of all the water of the river, and fish are enabled 
to ascend in the main channel without great effort. 

About half a mile above Mugiemoss, Messrs. Pirie's Waterion works 
and Stoneywood works — paper mills— occur. The works are in the 
same enclosure and are of gi'eat extent, having been recently much 
enlarged ; but two separate dykes and lades exist. The Stoneywood lade, 
an immense and substantial structure, is conducted in an aqueduct above 
the other. The two lades unite before the contained water is returned 
to the river, and the breadth of the imited tail-lade is apparently as 
great as the breadth of the channel of the Don. This matter is referred 
to by Mr. Young in page 22 of the First Annual Report. No change for 
the better seems to have tnvnspired since his report in 1882. 

The Waterton dyke is compai-atively low and a gap exists in the 
centre of it. Owing to the rough nature of the river bed immediately 
below, the position of the pass does not seem to be well selected. Perhaps 
the simplest plan here would be to insert a " diagonal " pass on the face 
of the dyke from the extreme left, where some rocks project. The 
" diagonal " to project downwards and outwards for a distance of about 
10 feet, so that the foot of it rests upon the lower margin of the dyke. 
Such a " diagonal " is most readily formed of 3 -inch wood against iron 
uprights driven into the face of the dyke. The chief trouble in this 
locality, however, seems to be the abstraction of water, which during the 
summer months, and when the water is low, renders the main channel 
below the dam so dry that fish have not sufficient water in which to 
ascend. 

Stoneywood dyke, the seventh artificial obstruction, has a long easy 
gradient and is not high. The river bed immediately below is br<»d and 
shallow, however, the latter by reason of the amount of water abstracted 
by the great lade supplied by the dyke, and I am readily led to suppose 
that during low levels of the river fish cannot reach the dyke. A fish- 
pass exists which is, in my opinion, suitable for the purpose intended 
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A slight deepening of the channel below the fish-pass might result in 
great advantage in this case ; but if the salmon fishings of the Don are 
to be preserved it seems to me essential that the mill-owners be required 
to use less water. 

NoM. I have also visited the district of the river ^ess. My attention was 

here called to the Dochgarroch weir, which maintains the level of the 
Caledonian Canal at the north end of Loch Ness, and forms the source 
of the river Ness. The weir stretches a distance of about 700 feet 
across the head4of the river ; the down-stream face measures 20 feet, an(J 
the height of the weir is 5 feet. A broad gap or pass occurs at a very 
suitable point for the ascent of fish, but, owing to the large, abruptly- 
projecting stones forming the apron immediately below the pass, the 
descending water breaks most roughly, and is scattered in foam in such 
a way as to seriously impede the ascent of salmon. A water gauge exists 
at the Dochgarroch Lock on the Canal, the daily readings of which, 
covering a great number of years, were kindly sent to me by the Engi- 
neer and Superintendent of the Canal. Finding the weir an obstruction 
to the ascent of fish, except during flooded conditions of the river, I 
made a special report on the subject, suggesting that in order to obviate 
the imf ortunate condition a barrier pai-allel to the weir should be erected 
opposite the mouth of the pass, to check the force of water, and that as 
far as |)08sible the projecting points of rock should be pinched off. This 
report was approved by the Fishery Board on 27th January of this 
year, and, at the request of the Ness District Board, was subsequently 
forwarded to them. 

In the Ness district I also visited Invermoriston. The celebrated 
salmon pass at the Invermoriston Fall has undergone some modification 
since it was visited by Mr. Archer in 1892. It now consists of nine 
steps and a rim at the top, but the second and third step, counting 
from below, need not now be taken by fish owing to a run of water 
which has broken round them. The high floods to which the river is 
subject have also moved a rock of several tons weight into the centre of 
the pass, but this does not in any way injure the chance of fish 
ascending ; while a two-doored sluice, which has been erected at the 
upper end, now enables the flow of water in the pass to be regulated. 
A short distance below the Fall the river becomes sluggish, and at its 
entrance to Loch Ness the cuiTent is unfortunately slight. A partial 
barrier or large croy might here be of advantage, as suggested with 
reference to the river Isla, p. 6, ante. Above the Fall the river is 
very rapid, and but few pools or resting-places for fish seem to exist. 
The erection of one or two croys at judiciously selected points might 
greatly improve the fishing. Four miles up stream another serious 
natuiul obstruction occms. Just above a rocky islet the course of the 
river is narrowed in a rocky gorge. The fall is not of gretit height, but 
owing to the concentmtion of the water the current is excessively 
strong ; in addition to which, just at the point where the plunge is 
made, the water splits upon a large rock. Above this point the river 
for a few miles assumes a sluggish character, as in the river Lyon, but 
at Torgyle, to which point I drove with Mr. Ewen Grant, a pleasant 
series of streams again occurs. The Superintendent of the Ness district 
informed me later that a large number of salmon hiid penetrated to the 
upper reaches of the Moristcn, and had there spawned and been killed 
by local people. 

On a subsequent occasion also I inspected the tidal mouth of the river 
Ness in connection with certain dredging and building works proposed 
by the Inverness Harbour Trustees. 

B^,j]y In the Beauly district, all the fishing rights of which are held by 

Lord Lova :, I first visited the cruives, a description of which will be 
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found in Note III., p. 53. I aftei-wai-ds inspected the Kilmorack Falls. 
At the lower Fall no pass exists, and at the upper Fall a slight pass at 
the eirtreme right is alone present. 

A description of the Conon cruives will also be found in the note Conon. 
above referred to. The part of the water in this district, which is 
described as the river Conon, b only about 14 miles in length, being 
that which connects Loch Luichart with the sea at Conon Bridge, yet 
the drainage area served by the upper waters of Bran and Fannick or 
Grudie, and by the lower tributaries of Blackwater, Meig, and Orrin, 
is upwards of 400 square miles in extent. Considering the great 
extent of most beautiful water which exists in the district, the mileage 
to which salmon have access is very small. I made a careful inspection 
of the large Falls at the source of the Conon proper, and also of the 
Falls on the Bran above Loch Luichart. In my opinion a wider 
distribution of spawning salmon thi-oughout the district would materially 
develop the great potentiality of the fishings which appears to exist. 
Reference to the proposed opening up of the district will be found in 
the Report of the Commission on Crown Rights in Scottish Salmon 
Fisheries, p. 13. 

On 9th February 1898 a District Fishery Board was duly constituted Establishment 
by the Sheriff of Inverness, Elgin, and Nairn for the district of ^^e o'^^^trict^^^^ 
river Snizort, being the western district of the Isle of Skye. ©f skye. 

Also on 4th May 1898 a District Fishery Board was constituted by 
the same Sheriff for the district of Sligachan, Broatlford, and Portree, 
being the eastern district of the Isle of Skye. 

I am further able to state that at a meeting of tne said Boards, held 
on 22nd June, the two Boards agreed to combine in maintaining a 
common staff of officers for the better protection and regulation of their 
fisheries, in terms of sec. 22 of the Siilmon Fisheries (Scotland) Act, 
1862 (25 & 26 Vict. cap. 97). 

The scientific investigations instituted by my predecessor, Mr. Archer, Salmon 
in 1894, have, as far as possible, been continued. The extremely p*^®fy . ^ 
valuable results which have been obtained were summarised in the last 
Annual Report (p. 13). During the past year Dr. Noel Paton and his 
colleagues have obtained fish, principally from the Spey and Dee, 
but also to some extent from the upper waters of the Tay, for the 
purpose of extending the investigations which formed the subject of the 
Special Report on the Life History of the Salmon which was presented 
to both Houses of Parliament on 8th March 1898. This additional 
work is not yet sufficiently advanced to admit of publication, but from 
a memorandum furnished me by Dr. Noel Paton, I am able to indicate 
the following as the points principally studied : — 

(1) The conditions governing the migration from sea to river. By 

Dr. Noel Paton and Dr. J. C. Dunlop. 

(2) The source of the colouring matter of the flesh and ovaries. By 

Miss Newbigin. 

(3) Tlie growth of the " hook " on the lower jaw of the male fish 

as the spawning season is approached. By Dr. Crawford. 

For the purposes of (1), His Grace the Duke of Richmond and Gordon, 
and the Fishery Board for the District of the River Dee (Aberdeen- 
shire), have kindly supplied 32 fish during the months of Febiniary, 
March, April, May, June, July, and December of 1898, and in January 
of 1899. The purpose has been to fill up the slight hiatus which existed 
in the published report. In connection with the inquiry mentioned as 
(2), Sir John Murray has kindly forwarded a supply of Crustacea from 
Loch Fyne, and it is hoped that material for purposes of comparison may 
shortly be obtained from Ireland. The statement in Dr. Noel Paton's 
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published report which seems to liave attmcted the greatest attiount of 
public notice, is that which refei*s to the habit which the salmon has of 
ceasing to feed when in fresh water. A certain degree of misconception 
seems to have arisen on this point, in two ways. Some who have dis- 
cussed the matter have not understood that the salmon referred to are 
those which have reached the adult stage, or have at least returned 
from the sea after feeding heavily there. By others, what may be termed 
the mere impulse to feed, or to seize objects somewhat similar to natural 
food, has been confused with the habit of taking nourishment, a habit 
which amongst salmon in fresh water is, in our coimtry, pi*actised only 
by parr and smolts, and perhaps by not a few kelts, for we still 
need much infoimation about kelts, especially mended kelts. If 
the impulse to seize objects, which by experience are known to be 
attractive to salmon under certain conditions, were not present, we 
should have no salmon angling. Many observers have remarked that 
amongst salmon taken in fresh water none are to be found with food in 
their stomachs. In 1872, for instance. Professor S. F. Baird, of the U.S. 
Fish Commission, inserted a note in his report as follows (p. 371): — 
** Accoi*ding to Dr. A. C. Hamlin, the examination of many hundred 
salmon in the Bangor (Maine?) market revealed no kind of food, except- 
ing in a single instance where two small fishes were discovered.'* The 
statement, however is very genei*al, inasmuch as we are not told where 
the salmon were caught, or whether the two small fishes were of marine 
or fluviatile species. The thoroughly scientific discussion of the question, 
both from the physiological and chemical aspects, and the proof that the 
salmon, when seeking the fresh water with tissues charged with fat, 
ceases to take nourishment, and speedily undergoes a change in its 
digestive tnict which renders it incapable of absorbing nourishment, 
places the whole question on a different level. In all probability the 
migratory salmonidse of the American Continent have the same peculi- 
arity ; indeed, the fruitlessness of angling for salmon in some rivers of 
the Pacific Coast would seem to show that even the impulse to seize food 
is deficient, but in this connection it is necessary to except the land- 
locked salmon. This salmon, found also in some Scandinavian inland 
waters, migrates only from rivers to great lakes, and does so even when 
the passage to the sea is open to it. The eggs of S, salwr^ which the 
late Sir James Maitland hatched and reared at Howietoun in 1880-1884 
\oide Day's British and Irish Salmonidse, p. 102), and which successfully 
spawned in December of the latter year, and the offspring of which 
hatched out in February and March of 1 885, form examples of artificially 
fed and land-locked sjilmon. Yet just as Loch Leven and common 
trout ti*ansported to New Zealand assume a migratory habit, so it would 
appear that om* present migratory species imiy under certain conditions 
continue to exist exclusively in fresli water, and to feed thei*e. 
Marking of The marking of salmon by means of a small silver label attached to 

Salmon. the doi-sal fin has been continued. Labels have been sent or delivered 

pei-sonally to the Spey (George Muirhead, Esq., factor to His Grace the 
Duke of l^ichmond and Gordon, Focliabers), the Dee (Clerks to District 
Board, Abenleen), the Tay, upper and lower waters (H. W. Johnston, 
Esq., Dunros, and Mr. Lumsden, Superintendent of District, Perth), 
the Bi-ora (Mr. T. Trussler, Brora, through D. M'Lean, Esq., factor to 
His Grace the Duke of Sutherland). In addition to this, 2000 labels 
have been sent to E. W. L. Holt, Esq., who, in the interests of the 
Royal Dublin Society, is working at the migrations of the salmon in 
Ireland, aiid who lias kindly offered to mark fish and transmit to me the 
results which he obtains. The extension of the system of marking 
secured by this aiTangement will, it is hoped, benefit the salmon fisheries 
of both Ireland and Scotland. Since the commencement of the marking 
operations, 6000 labels have been distributed. 
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NOTE I. 



THE FOLLOWING QUERIES HAVE BEEN SENT TO 
CLERKS OF DISTRICT BOARDS, AND OTHERS :— 

Taki! of Fish— 

1. Has the take of fish in your district in 1898 been above, about, or below 

the average — 

(a) In tidal waters ? 

(6) In fresh waters ? 

(c) By fixed engines ? 

{d) Generally throughout the district ? 

2. Can you give the number of fish caught in your district, exactly or 

approximately — 

(a) By net and coble ? 
(6) By fixed engines ? 
(c) By rods 1 

3. At what period of the year in your district during 1898 — 

(a) Were the first clean fish taken ? 

(6) When was the main take of salmon ? 

(c) When did the grilse and sea-trout run ? 

4. In order that accurate records be kept as to whether the run of salmon in 

your district is becoming earlier or later, it is desirable that you should, 
if possible, obtain and furnish me with statistics of the percentage of 
fish taken in each month — 

(a) By net and coble ? 

(6) By fixed engines ? 



What was the weight of the heaviest salmon or trout caught in your 
district in 1898— 

{u\ By net and coble ? 
(6) By fixed engines ? 
(c) By rods ? 



Protection — 

1. Please state the amount of the assessable rental of your district in 1898 T 

2. What was the assessment levied thereon during this year ? 

3. State the number of water bailiffs employed in your district in 1898 ? 

4. Were any prosecutions instituted under the Salmon Fishery Acts in 

1898 ? If so, for what offences were they instituted, and what was the 
result ? 

Obstructions to the Passage of Fish — 

1. Give full particulars of any dams destroyed or disused m your district 

in 1898 ; or any new dams built or old dams altered ? 

2. Are the dams and cruives (if any) in your district worked in accordance 

with the provisions of the bye-laws (Schedules F and Q) regulating the 
same 7 

3. Have any fish-passes been built or altered in 1898 ? 

4. Do the existing fish-passes afford at all, or any, or at what times a free 

passage to salmon wishing to ascend ? 
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5. Have any natural obstructions been opened up during 1898 1 

6. Generally, have any acts been done, either by new fisheries being started, 

old fisheries not being used, or in any other way, whereby tne ascent 
of fish has been influenced ? If so, state iully what changes have taken 
place. 

I'ollutions — 

1. Were any fresh causes of river- pollution introduced in your district in 

1898? 

2. Were any steps taken in 1898 to remove causes of pollution; and if so, 

were they attended with success ? 

The Salmon Disease — 

1. Has the salmon disease shown itself in your district this year] If so, 

when did it first make its appearance ? When was it at its height ? 
When did it disappear ? ' 

2. What was the level of the river during the prevalence of the salmon 

disease ? 

3. Can you state the number of diseased salmon taken from the river in each 

month, specifying the proportion of male and female, of kelts and of 
clean fish ? 

4. Gienerally, have you any remarks or suggestions to make with regard to 

the salmon disease ? 

The Spawning Season — 

1. What was the earliest date, during the season of 1897-98, on which 

salmon were noticed spawning ? 

2. Between what dates did the greatest number spawn ? 

3. When did the spawning season finish ? 

4. What was the level of the river during the spawning season ? 

5. Were the numbers of spawning fish more or less than usual ? 

6. Which were the principal spawning streams in your district ? 

Kelts - 

1. On what date, during last season, were kelts first noted migrating sea- 

wards ] 

2. When did the chief nii^Tation take place? 

3. When was the river free from kelts ? 

4. What was the level of the river during the period kelts were migrating ? 

Smolts— 

1. On which dates, during the year, were smolts noticed migrating ? 

2. Was it a good smolt year ? 

Artificial Propagation of Salmon — 
Is there any hatchery in your district for the artificial propagation of salmon 
and trout, either belonging to the District Board or supported by private 
enterprise ? If so, describe its situation, and state how many ova have 
been secured during the past season. 

Proportion of Male to Female Salmon — 
Can you state the proportion of the male to the female salmon in your district 
or river, specifying whether your return, so far as it goes, is based upon 
an estimate or on actual enumeration ? 

General Question — 

Aje there any other points relating to the salmon fisheries in your district 
to which you would wish to direct the attention of the Board, in 
addition to those suggested by the preceding queries 1 
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ANSWERS TO THE FOREGOING QUESTIONS. 



THE DISTRICT OF THE RIVER FORTH. 

Take of Fish— 

1. (a\ (6), (c), and {d) Below the average throughout the diptrict. 

2. (o), (6), and (c) No. The tacksmen refuse to give any information. 

3. (o) llth February ; (6) June, July, and August ; (c) grilse in June, July, 

and August, and sea-trout all the fishing season. 

4. (a) and (6) See answer to No. 2. The percentage cannot be given, but 

there is no doubt a great many more fish are taken by fixed engines 
than by net and coble. 

5. (a) 48 lbs. ; (6) 56 Ibe. ; (c) 32 lbs. 

Protection — 

1. .£3,791 14s. 4d. 

2. 28. 6d. per£. 

3. One superintendent and eleven bailiffs. 

4. Yes. Taking fish by small mesh nets, gaffing, jiggering, fishing with 

salmon and other roe and contravening bye-law (Sch^ule F). Con- 
victions obtained in every case but one. 

Obstructions to the Passage of Fish — 

1. Nothing done. 

2. Yes. An offender was prosecuted for contravening bye-law (Schedule F) 

at Craigforth Cruive in the River Forth. He was convicted. 

3. No. 

4. At the outlet works from Loch Venacher iuto the Teith, constructed by 

the Glasgow Corporation under the Waterworks Act of 1855, the 
Corporation are bound to construct the outlet thereby directed to be 
made so that salmon may at all times, or during such periods as water 
shall be dischaived, freely pass into or from the loch. The works, in 
the opinion of the salmon fishery proprietors, are not constructed in 
terms of this obligation, which applies also to Loch Katrine outlet 
under the same Act. 

5. No. 

6. No. 

Pollutions — 

1. No. 

2. No. 

The Salmon Disease — ^ 

1. Yes. Ist December, 1897. End of January. April, 1898. 

2. Very high. 

3. No. 

4. No. 

The Spawning Season — 
1.16th November, 1897. 

2. In December, 1897. 

3. About 15th January, 1898. 

4. Very high. 

5. About the same. 

6. Teith, Allan, and Forth. . 

Kelts— 

1. 10th December, 1897. 
• 2. Eebmary and March, 1898. 

a End of April, 1898. 

4. Veiy high. 
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Smoltfl — 

1. March and April, 1898. 

2. Yes. 

Artificial Propagation of Salmon— 
No. 

Proportion of Male to Female Salmon — 

Goneral Question — 
The fishings are very injuriously afiected by hang or drift net fishing in the 
River Forth from Alloa Bridge to Culross. 



THE DISTRICT OF THE RIVER TAY. 

Take of Fish - 

1. (a), Q)\ (c), and (d) Below average. 

2. No. There will be a better opportunity of getting the numbers now that 

the net fishing is practically in the hands of one company, (c) No. 

3. (a) Clean salmon are in Tay at all seasons of the year. (6) During July 

and August, (c) First Grilse, 16lh May ; sea-trout, I don't know. 

4. (a) and (6) Impossible under present arrangements. 
-6. (o) 54 lbs.; (h) 44 lbs.; (c) 66^ lbs. 

Protection — 

1. Rental, £21,047 18s. 2d. 

2. Assessment, £1,473 Ts. Id, being at the rate of 7 per cent. 

3. Twenty during close season. 

4. Generally for taking salmon either illegally or in close time ; chiefly 

convicted when detected. Number of cases tried, 24 ; involving 44 
persons, of whom 39 convicted ; complaints against 2 withdrawn, and 
3 not proven. 

Obstructions to the Passage of Fish — 

1. Dornoch Dam on the Earn having been damaged by floods, arrangements 

have been made for the breach remaining open so as to aJlow a passage 
for fish. 

2. No ; but the Board has recently issued a peremptory circular on the 

subject with good results. 

3. 4^ and 5. A committee of proprietors on the Earn are negotiating with the 

view of removing obstructions and improving the fishings generally. 
6. Notice may here be taken of the formation of a syndicate which has 
rented most of the commercial fishings with a view to their more 
economical working. This will probably involve the less frequent fish- 
ing of some stations. 

Pollutions — 

1. Nothing, except the growth of the population and industiies, chiefly 

bleaching and dye works. 

2. No. 

The Salmon Disease — ^ 

1. Yes ; first observed towards end of October ; at its hei|;bt about end of 

December. I am not quite sure if it ever altogether disappeared. 

2. Usual winter conditions. 

3. No ; they are nearly level as to sex. About a scure of clean salmon were 

found aead ; but they are mostly foul fish. 

4. I would iust remark that a wet season is no cure for disease, and a dry 

season does not seem to make it any worse. 

The Spawning Season— 

1. 3rd November, but they must have beens^wning earlier, as onekelt was 

landed by rod in October. 

2. 15th November and 15th December. 
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3. About lOth January. 

4. About usual winter level. 

5. Less. 

6. Tay, Eani, Ruchill, Isla, Tummel, Garry, and Lyon. 

Kelts-^ 

1. Middle of December. 

2. April. 

3. June. 

4. Usual spring conditions. 

Smolts — 

1. April and May. 

2. Very good. 

Artificial Propagation of Salmon — 
The salmon hatchery at Dupplin on Earn belonginf^ to District Board ; 
about 400,000. The hatching capacity is 570,000, but we did not get it 
filled. 

Proportion of Male to Female Salmon — 
I would say there are more females than males, but I have never counted. 

Qeneral Question — 
The question of the legality of ** toot and haul *' nets has been before the 
Court of Session. Both the Lord Ordinary and the First Division have 
decided against these nets. The legality of *' hang " nets has also again 
been raised, but both the Lord Ordinary and the First Division have 
felt themselves bound to follow previous decisions holding these nets 
to be legal, although their Lordships have carefully guarded themselves 
against desiring to add weight to these decided cases as to the soundness 
of which doubts have been expressed. It is probable that both cases 
will be carried to the House of Lords. 



THE DISTRICT OF THE RIVER SOUTH ESK. 
The answers were unfortunately too late for publication when received. 

THE DISTRICT OF THE RIVER NORTH ESK. 
No answers have been received. 

THE DISTRICT OF THE RIVER BERVIE. 
No answers have been received. 

THE DISTRICT OF THE RIVER DEE (ABERDEEN). 

Take of Fish— 

1. Below the average in each of these four cases. 

2. No. • 

3. (a) 11th February ; (6) February was the best month of the season, the 

grilse fishing poor ; (c) grilse began to run, 15th Aprils— sea-trout, 
11th February. 

4. No information got on these points. . . . 
5 (o)32lbs.; (6)46 lbs.; (c) 37 lbs. :;•.:... " \.' ...:-..: 
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Protection— 

1. £17,423 88. 6d. 

2. Six per cent, on above assessable rental. 

3. Twenty-one. 

4. Fourteen prosecutions, implicating 22 individuals. For having unseason- 

able salmon and poaching implements in their possession. One case 
not proven, another settled out of court, others fined from 78. 6d. to £5. 
Twelve of the 14 cases went to prison. Terms of imprisonment from 
7 days to a month. 

Obstructions to the Passage of Fish — 

1. No dams. 

2. No cruives. 

3. No. 

4. Does not apply to Dee District. 

5. No. 

6. No changes. 

Pollutions — 

1 and 2. No changes in this department since last year, but arrangements 
are in progress between the Town Council and District Board whereby 
the sewage that had obtained fall into the lower Dee is to be carried to 
the sea at the Bay of Nigg. 

The Salmon Disease — 

1, 2, 3, and 4. No diseased fish seen in 1898. 

The Spawning Season — 

1. 16th October. 

2. Upper river between middle of October and middle of November. 

Lower river between end of November and end of January. 
3r Practically at the end of January. 

4. Largely flooded during whole spring time. 

5. Upper watei-s more than usual ; lower water less. 

6. Upper river and tributaries in upper district. 

Kelte— 

1. End of Januarv. 

2. From Ist April to middle of May. 

3. Never quite free, but most free in July. 

4. Low. 

Smolts— 

1. Early in April. 

Artificial Propagation of Salmon — 
Board has constructed and maintains a hatchery at Drum, about 1 1 miles up 
the river. 1>000,()00 ova put into the hatching boxes in 1898, 97 per 
cent, of which were successfully hatched and put into the river. 

Proportion of Male to Female Salmon — - 

No information on this point. 

General Question — 
No.- 



THE DISTRICT OF THE RIVER DON, 

Take of Fish— 

1. Below- the average in each of these four cases. 

2. No. ^ 

3. (o) nth Febmary; (6) in month of July ; (c) grilse middle of May ; 

wa-trout lUh February. 
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4. No information of a reliable kind on these points. 

5. (a) 38 Ibd.; (fe) 43 lbs.; (c) 26 lbs. 

Protection — 

1. £3,429 188. lid. 

2. 23 per cent, on above assessable rental. 

3. Sixteen bailiffe, besides inspector. 

4. Ten diflferent prosecutions, implicating 20 individuals, 15 of whom con- 

victed, and 5 not proven. Having poaching implements or foul fish in 
their possession. Fines from £2 to £5, with option of imprisonment 
for 7 to 30 days. The fines paid in one case j others went to prison. 

Obstructions to the Passage of Fish — 

1. No dams destroyed or given up, nor have any new dams been built or 

old dams alt6r6d. 

2. The cruives are worked in accordance with the bye-laws. 

3. None. 

4. Fish can always ascend when river is high ; but at Mugiemoss and 

Waterton Mill Dykes, ascent at low water is impossible. 

5. None. ^ 

6. None. 

Pollutions — 

1. No fresh causes of pollution, but existing sources are yearly increasing. 

2. One source of pollution from the Great North Railway's creosote works at 

Dyce put a stop to in 1898. The Town Council and the District Com- 
mittee of the County Council were called upon as sanitary authorities 
to put a stop to the pollution finding its way into the river from sources 
within their respective areas, and no result having followed, the matter 
was reported to the Secretary for Scotland, by whom representations 
on the subject have been made to both these Dodies. It is believed 
that there are now fair prospects of a comprehensive scheme being 
entered into by the Town Council, the District Committee, and the 
mill owners for dealing with the entire pollution at present being dis- 
charged into the river. 

The Salmon Disease — 
J. Only to a limited extent. First appearance on 15th October, and worst 
about end of January. 

2. 10 to 12 inches above ordinary level. 

3. One male and one female fish, 15th October. Two male and two female 

2nd November, and 8 male and 11 female fish in December. About 
one half of these kelts. No clean fish showing signs of disease. 

4. The comparative absence of disease is believed to be due to the fact that 

river was high during the greater part of the winter. 

The Spawning Season — 

1. 5th November. 

2. Between 15th and 31 St Deceml)er. 

3. About 31st January. 

4. 10 to 12 inches above normal level. 

5. More than usual. 

6. Principal spawning grounds in upper district, particularly Alford and 

Kildrummy. 

Kelts— 

1. About the end of March. 

2. About the middle of April. 

3. Never quite free, but most free at end of June. 

4. Normal 

Smolts — 

1. Middle of April 

2. Fairly good. 

Artificial Propagation of Salmon — 

Small hatcnery at Fish Street, capable of receiving 60,000 ova. Ova 
actually jjut in 1898, 55,000, of which over 40,000 were hatched, and 
put half into the Pee and half into thfe D()b,'^l^'tb I8^mile« ab9Vf 
Aberdeen. 
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Proportion of Male to Female Salmon — 
Xo apecific information as to this, but proportions l>elieved to be aljout 
equal. 

General Question — 

One very special grievance on the Don is at Stony wood Paper Mills, be- 
longing to Messrs. Pirie <fe Sons, Limited, where, at the normal level of 
the river, by reason of the abstraction of wat-er for the mills, about 250 
yards of the river is practically cmnpleUHy drUd night and day during 
the six working days of the week, and partially so even on Sundays. 



THE DISTRICT OF THE RIVER YTHAN. 

Take of Fish— 

1. (a), (6), (c), and (d) Below the average. 

2. (a) and (h) No ; (c) about 70 salmon. 

3. (a) 25th February; (6) and (c) August. 

4. The tenants will not give information on these points. 

5. (a) The tenants will not give information on these points ; (6) 41 lbs. 

salmon, 10| lbs. sea-trout ; (c) 26 lbs. Siilmon. 

Protection — 

1. £1,298 108. 

2. £-121759 per £ (a little over 2s. 5d.). 

3. One all the year round. Four assistants from autumn to spring. 

4. Five — and in each case a conviction was obtained. Two were for being 

in possession of foul fish ; one for " burning the water," and two for 
trying to catch fish by means of a spear or gaff. 

Obstructionfl to the Passage of Fish— 

1. None. 

2. We have no cruives. 

3. None. 

4. The intake on Ebrie Bum at Meal Mill of Kinharnichy does not afford 

a free passage to salmon wishing to ascend. 

5. None. 

6. None. 

Pollutions — 

1. None. 

2. Unnecessary to take any steps* 

The Salmon Disease — 

1. Yes ; December, 1897 ; January, 1898. April. 

2. River was very low during disease. 

The Spawning Season — 

1. 2nd November, 1897. 

2. From 15th December to 1st January. 

3. About beginning of P'ebruary. 

4. The river was high during first part of spawning season. 

5. About same as usuaL 

6. Ythan, Fordoun, Little Water, Ebrie, and Bronie. 

Kelts— 
3. May. 

Smolts— 

1. First week of May. 

2. Very good. 

Artificial Propagatioa of Salmon— . . 

"Sone, 
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Proportion of Male to Female Salmon — 
Upon estimate, I would say 5 male to 4 female. 

'Qeneral Question — 
No. 



THE DISTRICT OF THE RIVER UGIE. 

Take of Fish-- 

1. (aV (6), (c), and (d^ Below the average. 

2. The number of fisn caught is approximately as follows ;— (a) About 1,30() 

sea- trout; (6) about 1,700 salmon and grilse ; (c) about 43 salmon and 
grilse. 

3. (a) March 10th ; (6) From the middle of August till 9th September ; 

(c) During July and August. 

4. The salmon fishings are in the hands of private enterprise, and the 

tacksmen still decline to keep any record or give information. 

5. (o) No record ; (6) salmon, 34 lbs. ; (c) salmon, 18 lbs. 

Protection — 

1. £507 lOs. 

2. Is. l^. per £. 

3. Five. 

4. There were no prosecutions. 

Obstructions to the Passage of Fish — 

1. There have been no alterations on the dams during the year 1898, and no 

new ones have been built. 

2. The dams are worked in accordance with the provisions of the bye-laws 

(Schedules F and G) regulating the same. Tne cruives are not worked 
at all, except for the catching of fish for the hatcliery. 

3. No fish-passes have been built or altered. 

4. The existing fish-passes afford a free passage to salmon at half-flood. 

5. None that I know of. 

6. None. 

Pollutions — 

1 and 2. There have been no causes of pollution during the year 1898. 

The Salmon Disease— 

1. The salmon disease first appeared on I7th January, 1898. It seemed 

wo'^t towards the end of February. The last diseased fish was taken 
from the river on 23rd May. 

2. Low. 

3. January — 10 males and 3 females ; February — 18 males and 25 females ; 

Marcn— 11 males and 16 females; April — 2 males and 3 females ; and 
May — 1 male. All kelts. 

4. None. 

The Spawning Season — 

1. November 27th 1897. 

2. Between 10th and 20th December 1897. 

3. About the end of December. 

4. Low. 

5. Average. 

6. About Stonemill and on the North Ugie. 

Kelts— 

1. 24th January. 

2. First week of February 

3. End of May. 

4. Half-flood. 

C ^ 



Digitized by 



Google 



22 Appendices to Sevcideenlh Annual Report 

Smolte — 

1. Between the middle of April and the end of May. 

2. Fair. 

Artificial Propagation of Salmon — 

An old hatchery at Inverugie was last year repaired and put in working 
order, but owing to heavy flooding of the river during the spawning 
season no salmon could be caught, and consequently no ova were got. 
30 Loch Leven trout ova were bought and put into the hatchery, and 
have been all successfully hatched. 

Proportion of Male to Female Salmon — 
Five males to three females, based on estimate. 

General Questions — 
None. 



THE DISTRICT OF THE RIVER DEVERON, 



Take of Fish— 

1. (f/) Below the average. 

2. No. 

3. (a) 11th February; (6) February, March, and August ; (c) July. 



5. (a) 31 lbs.; (6) 46^ lbs.; (c) 29 lbs. 

Protection — 

1. £2,979 28. 7d. 

2. For protection, 28. 2Jd. ; for repayment of loan and interest, 38. 6|d ; in 

all, 5s. 8d. per £. 

3. Nine. 

4. Three cases of illegal fishing. Fined 30s. with Vs. of expenses each, and 

implements forfeited. 

Obstructions to the Passage of Fish — 
The cruivft dyke belonging to His Grace the Duke of Fife was removed on 
11th February, 1898. The early net fishing was not prejudicially 
affected thereby. Later in the season the net fishing was not so success- 
ful. A few early fish were caught by the rod in the upper reaches. 
The autumn rod fishing was a failure throughout the entire river. 

Pollutions. 
The sewage of Keith and the discharges of some distilleries and a cloth factory 
falling into the Isla, have led to complaints of the pollution of that 
tributary of the Deveron, but its effect was never visible on the 
river. A new system of drainage for the town, which will include the 
disposal of the distillery and other refuse referred to, will be adopted 
early, and any ground of complaint will thus be removed. 

The Salmon Disease — 

1. Yes, very little. 

2. Low. 

3. December, 66 ; January, 47 ; February, 40 ; March, 20. 10 per cent. 

female. 

The Spawning Season — 

1. 20th October. 

2. Ist November and 3l8t December. 

3. 3l8t January. 

4. Flood, half-flood, and low. 

5. About the average. 

6. Generally throughout the district. 
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Kelts— 

1. Middle of November. 

2. April. 

3. Ist May. 

4. Half-flood. 

Smolts — 

1. I9th April ; 9th May. 

2. Fair. 

Artificial Propagation of Salmon — 
Yes, but not used during past season. 

Proportion of Male to Female Salmon — 
Five female to one male. On actual enumeratitm of fish killed in river by 
net. 

General Question — 



THE DISTRICT OF THE RIVER SPEY. 



Take of Fish— 

1. (a), (6), (c), and {d) Below. 

2. No. 

3. (a) 1 1th February ; (6) Scarce all the season ; (c) July sea-trout, May 

grilse, very scarce. 

4. No statistics available. 

5. (a) 35 lbs.; (6) 35 lbs.; (c) 34 lbs. 

Protection — 

1. Assessable rental, £11,633. 

2. Assessment at 28. 2^d. per £ = £1,284 98. 6d. 

3. One superintendent, one inspector, and forty-four bailiflfs ; also two 

special bailiffs for pollution oetection. 

4. See Superintendent's Annual Report herewith sent. 

Obstructions to the Passage of Fish — 
1 See Report. 

2. None used in district last year. 

3. See Report. 

4. See Report. 

5. No. 

Pollutions — 

1. Two or three new distilleries. 

2. Action in Court of Session — Lady Seafield and others against R. Kemp, 

Macallan Distillery. Pollution found proved by Lord Kyllachy. 
Time given for remedial measures, failing which, interdict may be 
moved for. Judgment appealed to Inner House, but substantially 
afiirmed. 

The Salmon Disease — 

1. See Report. 

2. Various. 

3 and 4. See Report. 

The Spawning Season — 

1. 4th October. 

2. 1st November and 31st December. 

3. April. 
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4. Various. 

5 and 6. See Report 

Kelts— 

2. December. 

3. July. 

4. Various, 

Smolts — 

1. April, May, June, July, and August. 

2. See Report. 

Artificial Propagation of Salmon — 
See Report. 

Proportion of Male to Female Salmon — 
See Report. 

(General Question — 
No. 



The following is a copy of the Superintendent's Annual Report for the 
year ending 26tn August 1898, submitted to the Meeting of the Spey District 
Board held at Elgin on 21st October, 1898 :— 

I. — Salmon Spawning. 

The following Table shows the dates of the first appearance of Salmon 
Spawning Beds, and the number seen by bailiffs during the last three 
spawning seasons on the following named streams or tributaries : — 



1895. 



Name of stream. 




Spawning Coranienced. 


Fiddich 


- 


. 


Ist October 


Avon 


. 


- 


I5th 


)) 


Livet 


- 


. 


16th 


)j 


Oonglass 


- 


- 


14th 


»» 


Jjochy 


- 


- 


14th 


>» 


Dulnain 


- 


- 


15th 


)t 


Nethy 


- 




11th 


)» 


Druie 


- 


- 


15th 


)9 


Feshie 


. 


- 


14th 


»« 


Tromie 


_ 


. 


16th 


)f 


Truim 


- 


- 


17th 


}) 



Spey (above Laggan, Badenoch) 15th 
Total, 



No. of Beds 

for Season. 

715 

1550 

1300 

273 

90 

420 

429 

153 

812 

158 

159 

144 



6203 Spawning Beds. 



1896. 



Name of Sti-eam. 




Spawning Commenced. 


No. of Beds 
for Season. 


Fiddich - 


. 


6th October 


292 


Avon 


- 


- 10th 




754 


Livet 


. 


- 14th 




773 


Oonglass - 


- 


- 14th 




189 


Lochy 




- 22nd 




74 


Dulnain - 


- 


- 13th 




868 


Nethy 


- 


. 15th 




418 


Druie 


- 


- 13th 




215 


Feshie 


. 


- 12th 




636 


Tromie 


- 


- 17th 




210 


Truim 


- 


- 14th 




198 


Spey (above Lai 


Tgan, Bade 


noch)10th 




151 



Total, 



4778 Spawniug Beds 
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Do. 


do. 


1888 


Du. 


do. 


1889 


Do. 


do. 


1890 


Do. 


do. 


1891 


Do. 


do. 


1892 


Do. 


do. 


1893 


Do. 


do. 


1894 


Do. 


do. 


1895 


Do. 


do. 


1896 


Do. 


do. 


1897 
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1897. 

Ntmo of stream. Spawning Ckmiincnced. ^orSeiwon'' 

Fiddich - - - 7th October 657 

Avon - - - 6th „ 1200 

Livet - - - 14th „ 1534 

ConglasB - - - 18th „ 312 

Lochy - - - 18th ,. 104 

Dulnain - - - 14th „ 464 

Nethy - - - 19th „ 185 

Druie - - - 12th „ 200 

Feshie - - - 13th „ 528 

Tromie - - - 2l8t „ 154 

Tniim - - - 20th „ 119 

Spey (above Laggan,Badeiioch) 4th „ 204 

Total, - - - 5661 Spawning Beds. 

Table op Eleven Years' Spawning Beds. 
Total number of Beds for year 1887 - - - 3,849 

" . - - 5,637 

2,932 
2,768 
4,591 
5,287 
4,635 
7,214 
6,203 
4,778 
5,661 

The spawning season of la-nt year shows an increase of 883 spawning beds 
when compared witli the previous season of 1896-97. At the end of Septem- 
ber, and during the whole of October last year (1897), an unusually heavy 
run of fish ascended the river Spey, and many ol these, especially grilse and 
sea-trout, found their way into the Avon and Avon tributaries. At end of 
October in the upper district of Livet and its tributaries grilse and sea-trout 
were literally swarming, and the stream channels all but wholly trenched 
over with their spawning beds. I witnessed this myself on 31st October on 
the higher reaches of Livet and on the Bly, at which time these streams, in 
consequence of a spell of dry weather, were in their normal size, thus making 
it arduous work for the district bailiffs to protect and preser\'e such a large 
number of fish, which had in many cases on several spawning fords scarcely 
enough water to cover them. At this time a somewhat similar state of things 
prevailed in the upper Avon and its tributaries, which 1 visited on 1st Novem- 
ber investigating a poaching case. Last season's results on Fiddich are 
somewhat astonishing, considering that during the late summer and early 
autumn mouths the channel of this stream in the Dufftown and downward 
district was more like an open sewer or cesspool than that of a pellucid stream 
such as Fiddich used to be. The number of spawning beds for the season 
upon this stream was 657, compared with 292 beds for the previous season . 
To account for this it must be understood that some 400 of last year's 
spawninfj beds were those of sea trout, and all spawned in the Auchindounand 
Glenfiddich upper reaches. The other 257 beds were principally made up of 
grilse which also spawned in the Auchindoun district. The spawning in the 
Fiddich district was practically over last year by the end of December, at 
which date in former years, or until within the last three or four years — in 
plain speaking, during the ante-distillery pollution days— was the middle of 
or principal season of the Fiddich salmon spawning season over that stretch 
lying between Tullochallum and Fiddich mouth, and which in those days 
continued on to end of January, when there would have been at least 500 or 
600 salmon spawning beds counted yearly between Dufftown and the mouth 
of Fiddich. The greater number of the few salmon which spawned in Fiddich 
below Du£Ftown last season died of disease and were buried hy the bailiff, and 
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their deposited ova, owing to tlie polluted state of the etreaui, will in all pro- 
bability be poisoned, and thus be rendered useless through the pollution. The 
comparative figures giving increase or decrease of spawning beds for last two 
spawning seasons over the tributaries are as follows : — Increase for last season 
— Fiddich, 365 beds ; Avon, 446 beds ; Li vet, 761 beds ; Conglass, 123 beds ; 
Lochy, 30 beds ; and Spey (above Laggan, Badenoch), 53 beds. The 
tributaries, on the other hand, showing a decrease of spawning beds were — 
Dulnain, 404 beds ; Nethy, 233 beds ; Druie, 15 beds ; Feshie, 108 beds ; 
Tromie, 56 beds ; and Truim, 79 beds. It will thus be seen that there was a 
big increase of beds in the lower tributaries and a large falling oflf upon the 
upper or higher reaches of Spey tributaries, with the one exception of Crathie, 
Laggan, top reach of Spey, which as an upper stretch alone shows an increase 
over the previous season, this district being clear of pollution from distilleries. 
The first-named big increase was, as I have already stated, the result of a 
heavy run of autumn fish. The falling oflf in the upper Spey tribiitaries I 
consider to have been caused by the run of summer fish not being so numerous 
as they were during the previous summer of 1896, more especially grilse, which 
were during the summer mouths of said year very scarce in sea and river, 
but which m the late autumn showed themselves pretty numerous upon^ the 
spawning beds on the lower tributaries. The spawning upon the river Spey 
from Carron to Gran town was a very good average, and salmon continued upon 
the redds in the Cromdale district up till 5th March. I do not consider that 
spawning beds formed and worked upon by spawning fish over the whole of 
the district last season have suffered or been injured by high spates or ice floes, 
with the one exception of that of the Feshie, which suflfered somewhat through 
the result of a rapid local spate which took place in that district about the 
second week of Is ovember, and which uprooted a number of spawning beds in 
the middle reaches of the river. 

Notes by the Bailiflfs, same as last year, by order of the Board, were kept, 
giving the number of spawning beds counted on the river Spey on that part of 
the river lying between Boat o' Brig and Carron Bridge. The Bailiflfs' 
respective records were as follows :— On Aberlour beat, Carron Bridge to 
Tunnel Pool, 82 beds ; Criii<'ellachie beat. Tunnel Pool to Bulwark, 108 beds ; 
Rothes beat, Bulwark to Holly bush, 366 beds ; Boat o' Brig beat. Holly bush 
to Boat o' Brig, 252 l)eds ; and Mulben Burn, 40 beds — total, 848 spawning 
beds, being a decrease of 415 beds when compared with the number counted 
upon the same ground during the previous season of 1896-97. No discrepancy 
in the equal matching of male and female spawning fish while upon^ the 
spawning redds was observable by the Bailiffs during the season. 

The carrying out a cut through the shingle bank or beach to permit of a 
new or direct run of the river into the sea at Speymonth near Tugnet, which 
was sanctioned by the Board at their meeting held at Elgin on 22nd October. 
1897, was proceedt'd with, subject to all the necessary legal proceedings and 
sanction having been carried through and obtained. The work was com- 
menced about the 20th November last by a large force of some sixty workmen, 
and the river turned into a new run on the 18th of the following month — 
December, 1897. The divemon of the river mouth has now given a direct 
run into the sea, and has given every sjitisf action. Tacksmen of salmon net 
fishings and their fishermen along the coast to the east of Portgordon have 
expressed themselves to the effect that the new mouth will benefit them by 
increasing the attraction to fish to come inshore. I visited the old mouth on 
10th September last, and found that the action of the sea has now completely 
closed up the old outlet with a high beach of shingle. I understand that 
the expense of carrying out the new cut somewhat exceeded the estimated 
£200. 

II. — SdwU Season, 

The appearance of descending smolts during the spring and summer months 
upon the river and tributaries was a fair average one. During the principal 
migrating season, April to June, eight Bailiffs were carrying out the special 
dut^' of protecting smolts or salmon fry from 25th Apiil till 4th June, a 
period of six weeks. The Bailiffs in question were stationed as follows :— One 
in Speymouth district, one at Rothes, one at Dufftown, one at Aberlour, one on 
Upper Avon and Livet, one at Ballindalloch, one at Grantown, and one at 
Duthil. Twenty-eight dozen of printed notices cautioning persons against 
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killing smolts, parr, or salmon fry were posted up along the sides of the river 
and tributaries all over the district. All of the trout anglers met with by the 
Bailiflfs were found agreeable and willing to show their respective ** takes " 
for inspection. A force of Bailifl^i again went on parr or salmon fry pro- 
tection duty at the begining of August. 

III. — Disease among Fish, 

The following is a detail of mortality or disease among spawning fish, which, 
during the last ten jjears, I have noted or tabulated m my yearly report as 
resulting among fish in the Fiddich during each spawninc season. During 
the ten years in question (1889 to 1898) I have given the death percentage of 
fish, the percentage being the number of deaths to the number of spawning 
beds counted upon the stream during the season. During the last year, 
1897-98, the number of spawning beds counted was 657, and the number of 
dead fish removed from the stream and buried by the Bailiffs was 113, or 
somewhat over 17 per cent., or 10 per cent, above the previous year's mortality, 
and two per cent, above the average percentage during seven vears previous to 
last year. The death percentages for last ten years were as follows :- -1889, 13 
per cent. ; 1890, 13 per cent. ; 1891, 18 per cent. ; 1892, 16 per cent ; 1893, 
19 per cent. ; 1894, 8 per cent. ; 1895, 9 per cent. ; 1896, 21 per cent. ; 1897, 
7 per cent ; 1898, 17 per cent The first dead fish was found on 30th October, 
and the heaviest death rate was during the month ot January, among the fish 
which had spawned during the preceding month. With a very few 
exceptions, the dead fish were spawned, and were composed as follows : — Male 
sea trout, 2 ; female do., 8 ; male grilse, 62 ; female do., 1 ; male salmon, 31 ; 
female do., 9— total, 113. 

IV. — Poaching during the Fear, 

Three cases of salmon poaching during the close time, implicating five 
persons, were detected during the season. The accused in one ofthe cases was 
tried and convicted before the Sheriff Court at Inverness, and sentenced to pay 
a fine of lOs., with £2 4s. lOd. of expenses, or fourteen days' imprisonment 
The accused person in another case was convicted before the Sheriff Court at 
Banff, and sentenced to pay a fine of £2, with £1 7s. 6d. of expenses, or seven 
days' imprisonment. Three accused in another case were brought before a 
J. P., and admonished. During the open time two persons were found angling 
on Spey and having smolts or salmon fry in their possession. They were 
taken before a J.P., and cautioned and admonished. 

V. — Bye-Law8. 

The Bye-laws relating to dam dykes, mill lades, sluices, hecks, &c., were 
fairly well attended to during the season. The mill lade, sluices, and dam 
dyke at Dell of Druie Sawmill at Rothiemurchus have not been kept quite in 
conformity with the requirements of the Bye-laws for some seasons back, but 
some improvements have been made upon them during the last few weeks 
which will have the effect of improving matters for the coming season. A new- 
dam dyke on the Dullan at Dufftown is to be erected for a lade to give driving 
power to the Mortlach Distillery. This new dyke is to take the place of the 
present dam dyke erected some ten years ago, and which will be removed on 
completion of the new one, which will be situated soma 300 yards further up 
the stream, and which is to be constructed in accordance with the require 
ments of the Bye-laws. 

VI. — General Remarks. 

I advocated stron<^ly in a report to the Spey Board last year as to the 
advisability of opening up the mouth of the river Druie to permit of a run for 
spawning fish getting up to fine spawning redds on the Druie and its tributaries. 
The present state of the mouth is all but a complete obstruction to fish. I 
am of opinion that there would now be no objections or conditions placed in 
the way of having this essential piece of work carried out. 

The river and sea coast net salmon fishing opened on 11th Februarv, and 
closed again for the season on 26th August The observance given by the 
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tacksmen uf fishings and their respective managers and fishermen in carrying 
out the observance of the weekly close times all over the district during the 
season was all that could in reason be desired, the '* slapping " of nets being on 
all occasions strictly attended to when the same was practicable, or, in other 
words, when then there was no danger or risk to life in carrying out the work. 
The carrying out of this work during the season was regulany inspected bj' 
the Superintendent, the Inspector, and Sergeant Alex. Mackintosh. 

During the early months of last summer, 840,000 salmon fry were trans- 
ferred from His Grace the Duke of Richmond and Gordon's Hatchery at 
Fochabers and deposited in the river Spey. This is now the sixth enormous 
consignment of fry placed in the river from this Hatchery. I visited it on 
two or three occasions during the spring and early summer months, and the 
show of fry in the boxes was in no way inferior to the high class quality of the 
fry of former seasons at this place, the only difference being an increase of 
some 300.000 fry over the last year and previous years. This was the result of 
the Hatcnery premises being duplicated in size during last autumn. The 
extension of the house embraces eight new ova boxes with the latest improved 
enamelled tile lining, and capable of hatching 240,000 ova, also a large con- 
crete impounding tank, well supplied with pure fresh water, and capable of 
keeping 100 salmon. This last mentioned acquisition is of material importance 
in lessening the otherwise laborious work of securing ripe ova to stock the 
boxes. Fishing for male and female salmon for the purpose of obtaining ova 
from the same on the spot means no end of toil and disappointment, as the fish in 
question must necessarily be just ripje for spawning, and, where such an enor- 
mous quantity of ova is required, it is only those who have taken part in such 
work who actually know the amount of labour and expense incurred. Fish about 
ready or almost ripe are not so difficult to obtain. This last mentioned class 
are consequently retained and deposited within the Hatchery impoundin^j 
pond, when in the course of a few days they will allow of being stripped, and 
the ova thus secured placed in the boxes and the stripped fish returned alive 
to the river. An impounding pond on a large scale for the retention of the 
hatched fry for the culture in the parr stages after they leave the Hatchery 
would certainly entail much work and expense, but, should a suitable place 
for such be selected, it would put this Hatchery in the first rank with any 
Hatchery in the country. 

The full force of Bailiffs or Spey Police is constituted as follows : — The 
Superintendent, residing at Aberlour ; the Inspector, stationed at Grantown ; 
eight Sergeants and thirty-seven Constables. 

GEORGE K. MACGREGOR, SupennJtendtnJt. 



THE DISTRICT OF THE RIVER FIND HORN. 

Take of Fish— 

1. (a), (6), (c), and (d) Below average. 

2. (a), (6), and (c) 1 can give no information. 

3. (a) nth February ; (6) April and May ; (c) May, June and July, fine 
trout may be got throughout the season. 

at) and (6) I can give no information. 

») Salmon 36 lbs.; trout 3 lbs; (6) salmon 44 lbs. ; (c) salmon 16 lbs. 



4. W 

5. (a) 



Protection — 

1. £3,436. 

2. £345. 

3. Three permanent watchers and thirteen watchers employed during 

spawning season. 

4. No. 

Obstructions to the Passage of Fish — 

1 . No obstruction to the passage of fish on the river Findhom. 

2. No dams, &c. 

3. No fish-passes. 

4. 6, and 6. No. 
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pollutions — 

1. No pollutions. 

2. No. 

The Salmon Disease — 

1, 2, 3 and 4. No salmon disease. 

The Spawning Season — 

1. Upper district, 11th October; lower district, 18th November. 

2. Upper district, between 24th October and 24th November ; lower district, 

December and January. 

3. Upper district, 1st December ; lower, end of January. 

4. Above the ordinary level during the whole season. 

5. About the average. 

6. Upper district, between Drynachan and Coignafeam; lower, between 

VVaterford and Sluie. 

Kelts- 

1. Kelts begin to migrate seaward after the spawning season is over. 

2. January and February. 

3. May. 

4. Same time flood, half-flood, and ordinary. 

Smolts — 

1. From the middle of March to the end of May. 

2. A good average. 

Artificial Propagation of Salmon — 
No. 

Proportion of Male to Female Salmon— 
I cannot tell. 

General Question — 
No. 



THE DISTRICT OF THE RIVER NAIRN. 

Take of Fish— 

1. Below the average all over. 

2. (a\ Approximately ; (6) about 4600 ; (c) about 106. 

3. (a) February 11th; (6) April; (c) gnlse, August and September; sea 

trout, June. 

4. The question of the run of fish being early or late depends here mainly 

on the season. If season dry and water continues low, they are late. 
The following is thought to be approximately a cori-ect statement of 
the fish taken each month by fixed engines : — 



February. March. April. 


May. 


June. 


July. 


August. 


Total. 


Salmon 95 205 500 


400 


200 


150 


160 


1710 


Grilse 


6 


800 


2000 


684 


2890 


6. (6) 36 lbs.; (c) 19^ lbs. 













Protection — 

1. £1135 108. 

2. Is. 4d. per £,. 

3. One regularly, with one assistant regularly in autumn, besides casual 

assistance. 

4. No. 

Obstructions to the Passage of Fish — 

1. None. 

2. Yes. 

3. No. 
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4. Yes ; unless for a time in summer when water very low. 

5. No. 

6. No. 

Pollutions — 

1. No. 

2. No steps taken. 

The Salmon Disease — 
1. No. 

4. No. 

The Spawning Season — 

1. November 8th. 

2. Between November 20th and December 26th. 

3. About January 12th. 

4. Between low and half -flood. 

5. About an average. 

6. The Nairn and In verern. 

Kelts— 

1. About Ist February. 

2. In March. 

3. About Ist April. 

4. Half-flood. 

Smolts — 

1. From 20th April to Ist June. 

2. No. 

Artificial Propagation of Salmon — 
No. 

Proportion of Male to Female Salmon — 

Upon an estimate there are 6 per cent, more female than male salmon. 

General Question — 
Attention may be drawn to the destruction done to the smolts by wild birds 
in small rivers when migrating to the sea. 
(The birds referred to are the black -headed gull, the black-backed 
gull, and the water ousel.) 



THE DISTRICT OF THE RIVER NESS. 

Take of Fish— 

1. (a), (6), (c), and (d) About the average. 

2. About 33,000. (a), (6), and (c) No details. 

3. (a) 11th February ; (6) February and March ; (c) June, July and August. 

4. Information cannot be obtained. 

5. (a) Salmon, 42 lbs.; (6) salmon, 40 lbs.; (c) salmon, 39 lbs. 

Protection — 

1. £3610 68.. 

2. Is. 9d. per £. 

3. One superintendent, three permanent, and three temporary watchers. 

4. Yes ; against a crew of Cromarty fishermen for fishing with a small- 

meshed sweep-net and killing fish of the salmon kind. Conviction 
obtained, and crew fined £3 each, with 16g. expenses, or fourteen days' 
imprisonment 

Obstructions to the Passage of Fish — 

1. No dams destroyed or built. 

2. No cruives. 

3. None. 
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4. No. Dochfour fish-pass with low water does not afford a free passage for 

salmon ascending. 

5. None. 

6. Nothing has been done. 

Pollutions — 

1. None. 

2. None. 

The Salmon Disease — 

1. No disease in the district last season. 

The Spawning Season — 

1. End of October. 

2. November and January. 

3. End of January. 

4. Cannot say. 

5. About the average. 

6. Ness, Gbrry, Morrison, Enerick, Oich, Kingie, and Quoich. 

Kelts- 

1. 11th February. 

2. March and April. 

3. Middle of May. 
4 Cannot say. 

Smolts — 

1. AprU. 

2. Average. 

Artificial Propagation of Salmon — 
There is a private hatchery at Glenquoich, supported by Lord Burton. 
No salmon ova are hatched in it. 

Proportion of Male to Female Salmon— 

In the month of December and early in January there are four males to 
one female. 
General Question — 

Nothing to add. 



THE DISTRICT OF THE RIVER ALNESS. 

Take of Fish— 

1. Ta), {h\ (c), and {d) Below the average. 

2. {a\ (6), and (c) Impossible to obtain information on this subject from the 

lessees of the fishings. 

3. (a) About beginning of net fishing on 11th February; (6) from 1st July to 

middle of August ; (c) from June to end of August 

4. {a\ and (6) Unaole to furnish you with number of fish taken each month, 

out July always the best month here for both net and coble. 

5. (a) About 25 lbs.; (c) about 15 lbs. 

Protection — 

1. j6607 lOs. 

2. 6s. per £. 

3. One permanent inspector and four temporary bailiffs. 

4. None. 

Obstructions to the Passage of Fish — 

1. No dams built or altered. 

2. Yes. 

3. No fish-passes built or altered in 1898. 

4. Yes. 

5. No. 
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6. The net fishing at mouth of river was closed on 12th instead of 26th 
August with the view of improving the river, but, owing to the lowness 
of the river at that time, it did not do much good. 

Pollutions — 

1. None. 

2. No case of river pollution in our district 

The Salmon Disease — 

No salmon disease in Alness district. 

The Spawning Season — 

1. 25th October. 

2. 1st November and 15th December. 

3. About 25th December. 

4. About half-flood 

5. Less. 

6. Upper reaches of Alness River. 

Kelts - 

1. About 1st March. 

2. From the middle of March to the end of April. 

3. In the beginning of June. 

4. Flood and half-flood. 

Smolts — 

1. From beginning of April to middle of June. 

2. Fair. 

Artificial Propagation of Salmon - 

There is a hatchery at Balnacraig belonging to the Alness Board, which can 
hatch out over 100,000 ova. This year we secured about 30,000 ova, 
which have hatched out very well. 

Proportion of Male to Female Salmon — 
T\\Ki water-bailiff" cannot give definite information regarding this, except that 
he noticed, while fishing to secure ova during the spawning season, 
about six males for every female were landed. 

THE DISTRICT OF THE RIVER CONON. 

Take of Fish— 

1. (a) and (6) Salmon and grilse below the average ; (c) below the 

average; {d) salmon caught with the rod in the Brahan Castle waters, 
considerably above the average ; in the Fairburn angling waters, about 
the average ; other angling waters, below the average. 

3. (a) 13th February; (6) March, April, Alay, and June ; (c) grilse ran from 

the middle of May to the close of the fishing. The mam run of sea- 
trout is in March and April. Clean sea-trout in tidal waters of Conon 
at all seasons. 

5. (a) Several were caught weighing over 20 lbs.; (6) about 29 lbs.; (c) 

27 lbs. 

Protection — 
3. One permanent inspector and four temporary bailiffs. 

Obstructions to the Passage of Fish — 

2. There is one dam in this district ; it is not worked in accordance with the 

bye-law, Schedule F. There are two cruives in this district ; they are 
worked in accordance with the bye-law. Schedule G, regulating the 
same. 

3. No. 

4. Yes ; at all times 

6. The Brahan net and cruive fishing have not been worked during the last 

nine seasons, whereby large numbers of salmon and grilse have ascended 
to the angling waters. 
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Pollutions — 

1. Yes ; the distillery at the Muir of Ord has been enlarged to about four 

times its original size in 1898, thereby sending down to the river Conon 
large quantities of burnt ale. 

2. No. 

The Spawning Season — 

1. About the 6th of October. 

2. Between the 1st and 10th November. 

3. About the end of November. 

4. The river was in high flood from the Ist of November until the 9th. 

During the rest of the month the river was in half-flood. 

5. The number of spawning fish on the beds was less than nsual. 

6. There are good spawning grounds in the River Conon from the tidal 

waters, and in the tributaries Blackwater, Orrin, and Meig. 

Kelts— 

1. In the beginning of March. 

2. From the middle of March to the end of April. 

3. About the beginning of June. 

4. Flood, half-flood, and low. 

Sraolts— 

1. The lattter end of March, April, May, and June. 

2. Yes ; fairly good. 
Artificial Propagation of Salmon — 

There is a salmon hatchery in this district at Conon Bridge. It partly 
belongs to Colonel Mackenzie of Seaforth, and partly to the District 
Board. It is capable of hatching about 200,000 salmon ova. During 
the last two seasons I have sent a number of Conon ova to Brawl 
Castle, and got in exchange a like number of Thurso ova. When the 
salmon fry are seven weeks old, they are transferred to the lower reaches 
of the River Conon. 



THE DISTRICT OF THE KYLE OF SUTHERLAND, 



Take of Fish— 

1. Much below the average. 

2. No accurate information obtainable. 

3. (a) On the Uth February; (6) May and June; (c) June and July. 

4. No information. 

5. 46 lbs.; by net and coble. 

Protection — 

1. £2838. 

2. Is. 5d. per ;£=£201 Os. 6d. 

3. Fifteen watchers. 

4. One, for allowing bag-net leader to remain in the sea during the weekly 

close time. Result, conviction. 

Obstructions to the Passage of Fish — 

1. None. 

2. As far as possible. 

3. No. 

4. There is usuallv suflicient water to aflford a free passage. 

5. No. 

6. No change since 1897. 

Pollutions — 

1. No. 

2. No. 
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The Salmon Dieease— 
1. No. 

The Spawning Season — 

1. 3rd September. 

2. 9th Octobor and 5th December. 

3. 26th December. 

4. High. 

5. Somewhat more than usual 

6. Rivera Shin, Oykell, Carron, Blackwater, and Evelix. 

Kelts— 

2. March. 

3. May. 

4. In flood. 

Smolts— 

1. 20th May. 

2. Yes. 

Artificial Propagation of Salmon — 
No. 

Proportion of Male to Female Salmon— 



ropo: 



Qeneral Question — 

For the better regulation and development of the fisheries the Kyle net- 
fishings are now carried on by a syndicate. 



SUTHERLAND, EAST AND WEST COAST DISTRICTS. 

Take of Fish— 

1. (a), (6), (c), and {d) Below avei'age. 

2. (a) 1022 salmon, 349 grilse, 230 trout ; (6) 3037 salmon, 8066 grilse, 949 

trout ; (c) Helmsdale, 667 fish ; Brora, 380 fish ; Fleet, 40 fish. 

3. (aWanuary; (6) March ; (c) June and July. 

4. (a) February, salmon 17*61 per cent.; March, salmon 37 '78 percent.; 

April, salmon 14*78 per cent.; May, salmon 10*18 per cent, grilse 0*86 
per cent; June, salmon 13*40 per cent, grilse 36*96 per cent, trout 
56*96 per cent; July, salmon 3*42 per cent., grilse 38*97 per cent, 
trout 16*09 per cent; August, salmon 2*83 per cent, grilse 23*21 per 
cent, trout 26*95 per cent (6) February, salmon 1*32 per cent. ; 
March, salmon 4*34 per cent; April, salmon 10*21 per cent, grilse 
OOl per cent, trout 6*75 per cent; May, salmon 20*97 per cent, grilse 
0*46 per cent, trout 10*23 per cent. ; June, salmon 32*20 per cent, 
grilse 34*07 per cent; trout 35*91 per cent; July, salmon 25*33 per 
cent, grilse 58*40 per cent, trout 40*47 per cent; August, salmon 
5*63 per cent, grilse 7*06 per cent, trout 6*64 per cent. 

5. (a) 34 lbs.; (6) not known ; (c) 24 lbs. 

Protection — 

1. £1855. 

2. No assessment 

3. Four, in addition to keepers, who are bound to assist in watching. 

4. None. 

Obstructions to the Passage of Fish — 
1. None. 

3. No. 

4. Yes. 

5. No. 

6. No. 
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Pollutions— 

1. No. 

2. No. 

The Salmon Disease — 

1. Very slight ; slightly in February and March and again in July, disap- 

pearing end of August. 

2. Very low. 
a No. 

4. No. 

The Spawning Season — 

1. 10th October. 

2. 22d October and 4th November. \ Varies a little in the different 

3. 16th to 20th November. j rivers. 

4. First part of season low, afterwards very high. 

5. Under average, but more than previous year. 

6. Brora, Helmsdale, Fleet, Inver, Kirkaig, Laxford, and Inchard, with 

their tributaries. 

Kelts— 

1. 11th February. 

2. End of February and March. 

3. About end of May ; on one or two of the rivers a little earlier. 

Smolts — * 

1. Towards end of April. ' 

2. Fairly good. 

Artificial Propagation of Salmon — 
One on the Brora and another on the Helmsdale, recently erected, belonging 
to the Duke of Sutherland. In the Brora 60,000 to 70,000 salmon and 
60,000 Lochleven trout, and Helmsdale about 100,000 salmon. 

Proportion of Male to Female Salmon — 
CTannot state proportion, but from Bailiffs estimates, males predominate. 

General Question — 
No river should be open for angling after 30th September. 

SUTHERLAND, NORTH COAST DISTRICT, 

Take of Fish— 

1. Much below the average. 

2. (a) and (6) Salmon, 1199; grilse, 6885; trout, 164; cannot separate. 

(c) about 850 fish, no certainty. 

3. (a) February ; (6) May to August ; (c) grilse, May-July ; sea- trout, 

March-September. 

4. Not known. 

6. (a) 27 lbs. ; (6) 38 lbs. ; (c) 24 lbs. 

Protection — 

1 and 2. No assessments. 

3. Six. 

4. One, poaching, fined by Sheriff. 

Obstructions to the Passage of Fish — 

1. None. 

2. None fished. 

3. No. 
' 4. Yes. 

Pollutions — 
I and 2, None, 
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The Salmon Disease- 
No Disease. 

The Spawning Season — 

1. October 24. 

2. October 30-November 15. 

3. December 1. 

4. Medium. 

5. Less. 

6. Halladale to Grudie. 

Kelts— 

1. End of March. 

2. April. 

3. May. 

4. Floods occasionally. 

Smolts — 

1. From 10th May. 

2. No. 

Artificial Propagation of Salmon— 

No, but one near Sandside, Caithness, capable of hatching 40,000 salmon 
and 30,000 trout. 

Proportion of Male to Female Salmon- 
Slight preponderance of males. 

DISTRICT OF THE RIVER KENNART, 

Take of Fisb— 

1. (c)and(rf) Below. 

2. (a) 10 ; (6) 2143 ; (c) 38. 

3. (a) March ; (6) and (c) July. 

4. (a) and (6) No special record kept. 

5. (a) 19 lbs. ; (6) 29 lbs. ; (c) 17 lbs. 

Protection — 

1. £. 

2. None. 

3. Two. 

4. None. 

Obstructions to the Passage of Fish. 

1. None either way. 

2. No dams. 

3 and 4. No passes. 

5. No. 

6. None. 

Pollutions— 
1 and 2. No. 

The Salmon Disease— 
1, 2, 3, and L No. 

The Spawning Season— 

1. 1st November. 

2. Between 15th November and 7th December. 

3. About 16th December. 

4. Mid level generally. 
Fully an average. 

6. V llapool River. 
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Kelts— 

1. 1st ApriL 

2. During April 

3. 1st May. 

4. Flood. 

Smolts — 

1. Early in May if spring mild. 

2. Good. 

Artificial Propagation of Salmon. 
No hatchery. 

Proportion of Male to Female Salmon — 
Cannot state proportion, but females appear more plentiful, as appears from 
the preponderance of females caught by rod. 

General Question — 
None. 



THE DISTRICT OF THE RIVER TORRIDON. 

Take of Fish- 
No fish at all taken in 1898. Salmon fishing quite ruined by the outside 
nets. 

Protection — 

1. £20. 

2. No formal assessment. Expenses paid by proprietors. 

3. None. 

4. No. 



THE DISTRICT OF THE RIVER BALQAY, 

Take of Fish— 

1. The take of salmon here was below the average. The take of sea-trout 

about the former average. (6) In fresh waters by rods. 
3. The main body or bulk of sea-trout and grilse ran from the last week 
of June to the (c) middle of July. 

Protection — 

1. J20. 

2. No formal assessment. Expenses paid equally by the proprietors. 

3. One. 

4. There was one prosecution and parties convicted. 

Obstructions to the Passage of Fish — 
3. None. 

5. None. 

The Salmon Disease — 
1. None. 

The Spawning Season — 

1. About 20th October, but sea-trout had begun spawning ten days or a 

fortnight earlier than the salmon. 

2. Between the 6th October and 20th November including salmon and sea- 

trout. 

3. The spawning season finished about Christmas. 

4. High as a rule. 

5. I should say they were less than usual. 

6. The rivers nalgay and Kinloch. 

D 
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Kelts— 
4. High. 

General Question — / 

I am certain that both salmon and eea-trout are becoming scarcer every 
year in this district. I think the cause is owing to the bag nets along 
the coast and leased by tacksmen, and also owing to tlie sea-trout 
nets used by tlie majority of croftei-s and cotters in all the little town- 
ships and liamlets along the coasts, and who can never be quelled by a 
few local officials unless Gk)vernment interferes. 



DISTRICT OF THE RIVER PENNYGOWN OR GLENFORSA 

AND ARCS {MULL), 

No records are kept. 

THE DISTRICT OF THE RIVER LUSSA (MULL), <tc. 

Take of Fish- 
No record is kept of fish taken in the district. 

Protection — 

1. No assessment roll has been made up yet, nor any assessment levied. 
4. No prosecution. 

Obstructions to the Passage of Fish — 

There are two natural obstructions — one in the River Lussa, known as the 
Lussa Falls, the other in the River Houran, which falls from Loch 
Houran, known as the Loch Houran Falls. They might be much 
improved at a small cost. The former divides the Duart and Lochbuie 
estates ; the latter is entirely on the Lochbuie estate. 

Pollutions — 
No pollution in any of the Mull rivers. 

Tlie Salmon Disease- 
No salmon disease reported. 

The Spawning Season — 

The spawning season has been a very pood one. 

6. The Lussa, Coleader, Baa, Forsa, TJisk, and Awe. 

General Question — 

An amalgamation is contemplated with the Awe, Mull, and other existing 
Fishery Boards to hire a powerful steam launch during the salmon- 
fishing season, in order to observe that the leaders are removed from 
bag-nets during the weekly close time, and if possible to prevent that 
infamous destruction to SalTnonidae — viz., scringing. 

Water bailiffs have been appointed throughout the Island of Mull. 



TEE DISTRICT OF THE RIVER BAA AND 
GLENCOILLEADER (MULL). 

Take of Fish— 

No record is kept of fish taken in district, but the following statements 

refer to the fishings in Lochs Baa and Assapol. 
1. (a) Above avemge. 

3. {h) In Loch Baa sea-trout early in March, salmon middle of July; in 
Loch Assapol sea-trout and salmon early in July. (6) In both lochs 
August and September. 
5. (t) In Loch Baa, 16 \h?. salmon ; in Loch Assapol salmon 12'lbs., sea-trout 
6 lbs. 
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Protection — 
No aasessment roll has been made up for this Board, nor has any assessment 

been levied yet. 
4. No prosecution. 

The Spawning Season— Loch Baa — 

1. 10th November, but believed to spawn earlier. 

2. From 1st to 30th November. 

3. About middle of December. 

4. Low. 

5. About usual. 

6. Baa, Clachaig, Cannel, Derryguaig, Dishaig, and smaller streams from 

Benmore. 

Kelts — Loch Baa — 

1. 1st April. 

2. In April. 

3. Ist May. 

4. High. 

THE DISTRICT OF THE RIVER LOCHY. 

Take of Fish— 

1. (b) and (d) Below the average ; (c) no fixed enginee. 

2. {a) and (b) None caught by net or coble and fixed engines ; (c) 222 salmon, 

357 grilse, 1742 sea trout. 

3. (a) 1st April ; (6) main take of salmon in September and of grilse in July ; 

(c) June. 

4. (a) and (b) None. 
6. (c) 41i lbs. 

Protection — 

1. £2239 

2. No assessment. 
i^ 3. Twelve. 

4. No. 

Obstructions to the Passage of Fish — 

1. None. 

2. None. 

3. No. 

4. At all times. 

5. No. 

6. No. 

Pollutions — 

1. No. 

2. No. 

The Salmon Disease — 
1 No. 

The Spawning Season — 

1. About 20th October on tributaries ; second week of November on main 

rivers. 

2. Middle to end of November. 

3. End of December. 

4. About average. 

5. Rather less. 

6. Roy, Cour, Loy, Nevis, and Spean. 

Kelts— 

1. Not noticed. 

Smolts— 

1. Beginning of May 

2. No. 
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Artificial Propagation of Salmon — 
Yes ; hatchery on Cour, kept up by Lord Abinger ; 50,000 to 60,000 ova. 

Proportion of Male to Female Salmon — 
Aoout one-fourth more females than males. 

(General Question — 

It is believed that there are more fixed nets outside the estuary than previ- 
ously, and that this has a rather injurious effect. 



THE DISTRICT OF THE RIVER AWE. 

Take of Fish- 
No record is kept of fish taken in the district. The tenants of fishings will 
give no information as to catch, especially tenants of nets. Should say 
1898 was a good average year. Some proprietors who have the right of 
nets in river and loch (Awe) do not exercise that right. One does on 
the loch. I think there was a 54-lb. fish taken in nets at mouth of 
river last year. Fancy first run is about middle of March ; they are 
Urchy fish. 

Protection— 

1. £877 158. Od. 

2. £109 lis. Id. 

3. One. 

4 No prosecutions. 

Obstructions to the Passage of Fish — 

1. No alteration in the district. 

2. Only Inverawe cruive, and that is in strict order. A grating should be 

placed on mill-lade on the Lussagan ; many young fish (smolts) killed 
oy wheel going down. There was a sort of dam placed on the mill- 
lade on Awe some years ago. 

Pollutions — 

1. Pollution for many years bv Connel Mill on Lussagan Burn. 

2. Nothing ever done to put that right 

The Salmon Disease — 
No disease in district. 

The Spawning Season — 

4. Too high. 

5. More, I think. 

Artificial Propagation of Salmon — 
No hatchery in district. 



THE DISTRICT OF THE RIVER AYR, 

Take of Fish— 

1. The take of fish last year was below the average both in the sea and fresh 

water. 
There are no fixed engines, and the river is not netted. 

2. It is quite impossible to ascertain number of fish taken, as the tacksman of 

the sea fishings will not give the information, and what rod fishers kill 
cannot be ascertained. 

3. There are no spring salmon in the Ayr, and the sea trout commence to 

run in June, and the grilse about July. 

4. There are no nets and cobles used, only nets on the sea-shore. There is 

only one tacksman, and no information can be had from him. 

5. Impossible to ascertain. 
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Protection— 

1. £110. 

2. 88. per £. 

3. One. 

4. One prosecution for fishing without leave, and £2 towards expenses was 

paid. 
Obstructions to the Passage of Fish— 

1. No change. 

2. There are no cruives, and the dams are being improved. 

3. 4, and 5. No. 

6. The Board are giving attention to the dam dykes, and have gpi an order 
from the Court to form a ladder in the worst one, at Overmills, Ayr. 

Pollutions — 

1. No. 

2. No ground of complaint. 

The Salmon Disease — 
1. No. 

4. No. 

The Spawning Season — 
Impossible to ascertain. 

Kelts— 
The kelts return to sea between the months of January and June. 

Smolts— 

1. About the month of ApriL 

2. The smolts were better protected than formerly. 

Artificial Propagation of Salmon- 
No. 

Proportion of Male to Female Salmon— 



topo: 
No. 



General Question — 
No. 

THE DISTRICT OF THE RIVER DOOIT. 

Take of Fish— 

1. The take of salmon last year was below the average, both in the sea and 

in the fresh water. The take of sea-trout was above the average. 
There are nets along the sea coast, and the mouth of the river is dragged 
with a net also. 

2. It is quite impossible to ascertain number of fish taken, as tacksmen of the 

sea and river fishings will not give the information, and what the rod 
fishers kill cannot be ascertained. 

3. (a) The Doon contains spring salmon, and they were commenced to be 

taken the first day of the opening. (6) The main take of salmon was in 
August, (c) Sea-trout commenced to run in June and grilse about 
July. 

4. There are no nets and cobles used — only nets on the seashore, and the 

mouth of the river dracged. There is only one tacksman, and no informa- 
tion can be had from him. 
6. Impossible to ascertain. 

Protection — 

1. £437. 

2. One shilling and sixpence per £. 

3. Two, mainly paid by the proprietors. 

4. Two convictions obtained for netting the river at night and for destroy- 

ing sea-trout in spawning streams. 
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Obstructions to the Passage of Fish — 

1. The dam dykes at the Doon-foot and at Alio way Mill were both repaired 

and tlie salmon passes improved. 

2. There are no cruives, and all the dams contain slaps or passages for salmon. 

3. See answer to No. 1. 

4. Fish can always now get up. 

5. No obstruction. 

Pollution — 
1 and 2. No. 

The Salmon Disease — 
No disease. 

The Spawning Season — 

1. Salmon commenced to spawn in November. 

6. The spawning fish were about the usual number. 
6. The Doon affords good spawning streams. 

Kelts— 

1. The kelts come down the river in the months of February, March, and 

April. 
3. The river is generally free from kelts by June. 

Smolts — 

1. April is the principal month. 

2. No. 

Artificial Propagation of Salmon — 
No. 

Proportion of Male to Female Salmon — 
No. 

General Question — 
No. 



THE DISTRICT OF THE RIVER GIRVAN. 

Take of Fish— 

1. (a) None ; (6), (c), and {d) below. 

2. (a) None ; (6) about 250 salmon, 7C)0 grilse, 2,500 trout ; (c) cannot say, 
\ (supposed about 3 or 4 salmon only). 

3. (a) 1st April ; (6) August ; (c) about June 15th. 
5. (a) None ; (6) 40 lbs. ; (c) cannot telL 

Protection — 

1. £544. 

2. None. 

3. Two. 

4. Yes. Two prosecutions of fishing with rod and line during annual close 

time. Accused fined in 308. each. 

Obstructions to the Passage of Fish — 

1. None. 

2. Yes. 

3. No. 

4. Yes, when in flood. 

5. No. 

6. Nothing done. 

Pollutions — 
1 and 2. No. 

The Salmon Disease — 
1. No salmon disease. 
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The Spawning Season — 
1. Latter end of December. 

Kelte— 
6. Upper reaches of river. 

Smolts — 

1. 1st May. 

2. Average. 

Artificial Propagation of Salmon — 
No. 

Proportion of Male to Female Salmon- 



rOTK)] 



THE DISTRICT OF THE RIVER STINCHAR 

Take of Fish— 

1. Below the average. 

2. No. 

3. (a) Last week in March ; (6) last week in July ; (c) Ist August. 

4. Cannot say. 

5. (6) 62 lbs. ; (c) 29 lbs. 

Protection — 

1. £300. 

2, 3 and 4. None. 

Obstructions to the Passage of Fish — 

1. None. 

2. Yes. 

3. One. 

4. Yes. 

5 and 6. No. 

Pollutions — 
I and 2. No. 

The Salmon Disease — 

1. Yes. 25th January. Cannot say. Last of March. 

2. Large. 

3. 20th January, 2 ; February- March, 3 males, 2 females — all kelts. 

4. No. 

The Spawning Season — 

1. 28th November. 

2. December. 

3. First week in January. 

4. Heavy. 

6. Less. 

6. Stinchar. 

Kelts— 

1. In February. 

2. March. 

3. 15th April. 

4. Large. 

Smolts — 

1. Ist April. 

2. Yes. 

Artificial Propagation of Salmon — 
No. 
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Proportion of Male to Female Salmon — 
No. 

General Question — 
No. 

THE DISTRICT OF THE RIVER CREE, 

Take of Fish— 

1. No special information, but the general opinion is that the take has been 

much below the average. 

2. No. 

3. 4, and 5. No information. 

Protection — 

1. £796. 

2. £59 14s., being the assessment at Is. 6<L per £. 

3. Two. 

4. No. 

Obstructions to the Passage of Fish — 

1. The old dam dyke above Douglas High School, Newton-Stewart, has been 

rebuilt and raised in height, but it does not extend across the whole 
river. 

2. Yes. 

3. No. 

4. Yes. 

5. No. 

Pollutions — 

1. No. 

2. Towards the end of 1898 operations were commenced in connection with 

the new drainage scheme of Newton-Stewart. The sewiige is to be 
conveyed in pipes to filtration tanks situated about half a mile below 
the town, and after passing through the tanks wiU come out purified so 
that no pollution shall pass into tne river, and the river will be freed 
from all possible pollution. 

The Salmon Disease — 
1. No disease. 

The Spawning Season- 
No information. 

Kelts- 
No information. 

Smolts— 

No information. 

Artificial Propagation of Salm 
No. 

Proportion of Male to Female Salmon — 
No. 

General Question — 
No. 



THE DISTRICT OF THE RIVER DEE (SOLWAY). 

Take of Fish— 

1. (a) In tidal waters, below the average ; (6) in fresh water, do. ; (c) by 

fixed engines, do. ; {d) generally throughout the district, do. 

2. (a), (6), and (c) I could not say. 
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3. (a) Ist of March ; (6) month of July ; (c) grilse and trout about the Ist 
of June. 



4. (a; 



) and 0)) Below the average. 

) The heaviest salmon was 30 lbs. ; trout, 7 lbs. 



Protection — 

1. £1603. 

2. £80 38. 

3. Fourteen to sixteen watchers. 

4. None, 

Obstructions to the Passage of Fish- 

1. None. 

2. No dams or cruives in our dbtrict on the Dee. 

3. None that I know of. 

4. Free passage at all times. 

5. None. 

6. No changes that I know of. 

Pollutions — 

1 and 2. Not that I know of. 

The Salmon Disease — 

1 and 2. No disease in our district this year. 

3. We had no disease in our river. 

4. No remarks to make. 

The Spawning Season — 

1. The 7th of November. 

2. Between the 7 th November and end of December. 

3. The 1st of January 1899. 

4. I took no observations. 

5. Below the average. 

6. Tarff, Dee, and Ken. 

Kelts— 

1. The month of March. 

2. The end of March. 

3. End of April 

4. I could not say. 

Smolts — 

1. From April to the end of May. 

2. No. ^ 

Artificial Propagation of Salmon — 
Messrs. Anderson & Son, 29 Castle Street, Edinburgh, have a hatchery 
on the Dee at Tongland for the propagation of salmon ; in 1897 there 
were 120,000, in 1898 200,000, and this year 150,000. 

General Question-— 
I have no other remarks to make. A net may be drawn occasionally by a 
proprietor in the upper water, but no fishing of any consequence by 
this means. 

THE DISTRICT OF THE RIVER NITH. 

Take of Pish— 

1. (aV (b\ (c),''and (d) Much below the average. 

2. (a), (6), and (c) Cannot be given. 

3. Clean^fish are caught as soon as the fishings open on 24th February ; but 

afterwards, from about middle of March, no clean fish are got till the 
sea-trout begin to run in April. 

4. (a) and (6) Cannot be got. 

5. (a) 43 lbs. ; (6) 26 lbs. ; (c) 25 lbs. 
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Protection — 

1. £781 5s. 

2. No assessment imposed for this year. 

3. One man employed and paid by the Board, and over twenty garaekeepei*s 

sworn in as special watchers. 

4. Yes. (1) Fishing during annual close time — one man fined £3 10s., or 21 

days* imprisonment ; two men, £2 lOs. each, or 14 days ; one man, 
£4 10s., or a month's imprisonment ; one man, case withdrawn. (2) 
Using drag hooks — One man fined £Q 10s., or a month. (3) Having 
gaff hook m possession with intent — One man fined £2 148., or 14 days ; 
case withdrawn against a second. (4) Contravention of Solway Act — 
i.e., fishing without leave — Three men, but case withdrawn on a conten- 
tion of civil right. 

Obstructions to the Passage of Fish — 

1. No alteration. 

2. One cruive in the district is substantially in accordance with the bye- 

law ; most of the dams are not. 

3. No. 

4. Yes, when the fish are running, after a flood ; but, when the rivers are 

low, tlie passes do not facilitate the passage of fish. 
6 and 6.. No. 

Pollutions — 

1. Pollution may be increasing owing to extension of the town (Dumfries), 

the sewage from it all running into the river. 

2. No. 

The Salmon Disease — 

1. Very little ; it was only in March, and a few kelts were affected. 

2. Low, when it was seen. 

3. None taken. 

4. No. 

The Spawning Season — 

1. In Octol^r. 

2. From middle of December to middle of February. 

3. About end of March. 

4. Fish only spawn after a flood, and not when river is low. 

5. Much less. 

6. There are spawning streams all along its course. 

Kelts— 

1. March. 

2. Mav. 

3. In Deginning of June. 

4. Kelts only go to the sea when the river is rising to a flood, or at least, 

rising. 

Smolts — 

1. April and May. 

Artificial Propagation of Salmon — 
None belonging to the Board ; but there is Mr Armistead's private hatchery 
at Newabbey. 

Proportion of Male to Female Salmon — 
Cannot be given. 

General Question- 
No. 
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THE DISTRICT OF THE RIVER ANNAN. 

Take of Fisb— 

1 (a), (6), (cX and (d) Below averai;e ; worst on record. 

2. Tne lessees of the diflferent fishings say they do not keep a record of 

the number caught, therefore this cannot be given. 

3. (a) 25th February, opening day ; (b) week ending 3rd September ; (c) 

sea trout main run, middle of June to 23rd July; grilse main run 
during July— very poor takes. 

4. With exception of Newbie Fishery, no record is kept of fish caught each 

month, therefore this cannot be given ; only it was looked upon as 
being a late season. 

5. (a) No net and coble tishinc in district ; (6) 52 lbs. (on Annan burgh 

fishings) ; (c) 29J lbs. (in Newbie portion of the Annan). 

Protection — 

1. £3,181 10s. 

2. 3s. 6d. oer £ = £556 15.s. 3d. 

3. Four (tnree at Annan and one at Lochmaben). 

4 For offences in Annan Division, proceedings were taken agiinst fifteen 
persons as follows : — One, contravention of bye-law. Schedule G, 
withdrawn ; eleven for contravention of 33rd Section of Annan Act, 
1841 , by fishing between high and low water mark without permission 
— diet deserted against three, others fined 10s. each, one 358. 6d., five 
21s., and two 25s. 6d. of expenses, or 14 days each ; three, fishing during 
annual close time — one fined £2 198., or a month, the other two 
£6 198., or two months. 

Obstructions to the Passage of Fish— 

1. None have been destroyed or disused. 

2. No cruives in district!^ Dams, yes, with the followinj]j exceptions : — 

On the Annan there is no heck at tail of mill race at Brydekirk Mill, 
belonging to Francis Henry Wilson, residing there ; on the Kirtle, at 
Beltemont Mill, belonging to Miss Ann Beattie, 13 Church Street, 
Annan, and at Kirtlebridge Mill, belonging to the trustees of the late 
John Irving per Herbert Cavan Irving, Esquire of Bumfoot, Eccle- 
fechan ; on the Mein at Mein Mill, belonging to the Duke of Buccleuch, 
have no fish passes, nor hecks at intake or tail of mill races, and never 
have had. 

3. Yes ; new fish basin at Brydekirk Mill dam, on the Annan, and a new fish- 

pass at Rigg dam, on the Kirtle, which have greatly improved the free 
passage of salmon wishing to ascend. 

4. Yes. 

5. No alteration. 

6. No alteration. 

Pollutions— 
None. 

The Salmon Disease — 

1. First observed 8th November ; at its height last fortnight of January; 

disappeared middle of March. 

2. Medium. 

3. January, 40 males and 47 females, of which 54 had spawned and 53 

unspawned ; February, 11 males and 17 females, of which 26 had 
spawned and 2 unspawned ; March, 2 males and 2 females, all spawned. 

4. None. 

The Spawning Season — 

1. 12th November. 

2. 15th December to 19th January. 

3. End of February. 

4. Medium. 

5. A good average. 

6. Northfield, Mount Annan, Luce, Meinfoot, Hoddam Bridge, Mainholm, 

and Rotchell, in the Annan. 
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Kelts— 

1. 19th January. 

2. Last week of January and first week of February. 

3. About middle of April. 

4. Medium. 

Smolts — 

1. End of April and during May. 

2. About the average. 

Artificial Propa^tion of Salmon — 
None in distnct. 

Proportion of Male to Female Salmon — 
Tnis cannot be accurately given, aa notes are not taken at the different 
fisheries. 

General Question- 
Nothing further than it would be well to keep in view the complicated 
state of the Acts referring to the Sol way Firth. 
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NOTE II. 



REPORT BY MR. WALTER E. ARCHER, ON A SCHEME 
FOR THE IMPROVEMENT OF THE SALMON FISH- 
INGS IN THE RIVER EARN. 

I have the honour to report that by the direction of the Fishery 
Board for Scotland, and at the request of the Tay District Board, I 
inspected the river Earn, a tributaiy of the Tay, on the 15th April, 
and on the 15th and 16th June last, for the purpose of considering and 
reporting on a scheme for the improvement of the fishings, proposed by 
Sir Robert Moncreiflfe in a memorandum to the salmon fishery pro- 
prietors, dated November 1897. 

This memorandum was considered at a meeting of the proprietors and 
tenants held in Perth on 22nd November, and it was subsequently 
formally resolved, inter alia, by those representing fishings to the value of 
£1325, out of a total of £2005, (1) that I should be asked, through the 
Tay District Board, to consider and report on the scheme; and (2) that, 
in the event of my reporting on it favourably, a committee, chosen from 
eight of their number, should have powers, under certain specified con- 
ditions, to carry it out. 

The question, therefore, which I have to deal with in my present report 
is the question of whether it is desirable that the scheme should be 
carried out, as until this question is decided the powers of the said com- 
mittee are in abeyance. 

It would appear, from the memorandum referred to, that Sir Robert 
Moncreiffe proposes that a committee of proprietors and tenants of 
salmon fishings should be empowered to negotiate with the proprietors 
of the net and cruive fishings to rent their fishings for a period of ten 
years, so that by arranging for a longer weekly "slap" or otherwise, a 
greater number of fish might be allowed to ascend the river. 

It may be explained that the Earn is a river of 52 miles in length, 
with a drainage area of 376 square miles. In point of size, therefore, it 
ranks with such rivers as the Beauly, Annan, and Border Esk, being 
considerably larger than such streams as the Helmsdale, Brora, and 
Thurso. It has also excellent natural capabilities for the production of 
fish. But notwithstanding its natural capabilities, its productiveness is 
much impaired by the efliciency of the nets in the lower waters and by 
the obstruction to the passage of fish caused by several dam and cruive 
dykes throughout its course. So great is the obstruction caused by 
these nets and dykes that, I am informed, but few fish succeed in reach- 
ing the upper waters until after the close of the netting season, and then 
only in times of great flood. This I can readily believe, in view of the 
great obstacle which Dupplin dyke forms to the passage of fish and the 
opportunities of netting which the pools below it afford. I had an 
opportunity of seeing this dyke when the river was in flood and also 
when it was at an ordinary summer level, and I am convinced, from the 
great pressure of water rushing through the cruives, and the great 
length of the dyke and consequent shallowness of the water flowing over 
it, that, except in times of great flood, it must form an almost, if not 
quite, insurmountable obstacle to the fish. 
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Under these circumstances it is evident that one of the primary con- 
ditions towards developing the capacity of a river for the production of 
fish is not given effect to — a condition advocated both in the Fishery 
Board for Scotland's Reports (11th Annual Report, Part II., page x. ; 
12th Annual Report, Part II., page xiii.) and in the recent Report of 
the Royal (.Commission on Tweed and Solway, page 18 — since no pro- 
vision is made for the protection of a certain proportion of every run of 
salmon during the open season. On the contrary, the case of the Earn 
would seem to be an example of those cases referred to in the Board's 
11th Annual Report, in which the opposition to proposals to make such 
a provision is due to the divided interests in the district, and to the care 
with which each proprietor naturally guards his own rights. With 
regard to such cases the Board state that the evidence given in their 
Reports shows that " the improvement in the fisheries which has followed 
" in those cases where the general interests have been studied, instead 
"of the individual, appears to indicate that the salmon fisheries are 
" capable of development, not only to the benefit of each proprietor, but 
" also to the increase of the food supply, if united action were more 
** generally adopted." Since it would seem that the scheme outlined by 
Sir Robert Moncreiffe is in effect a scheme to amalgamate the conflict- 
ing interests with a view of taking united action for the improvement of 
the fisheries, I have no hesitation in approving of it. 

I would, however, venture to point out that it is desirable, if possible, 
that such an experiment should not be limited to a period of ten years, 
as the full results can hardly become apparent in so short a time. The 
evidence with regard to this point is referred to on page 11 of the 16th 
Annual Report, Part II., in the following terms, viz.: — "Nothing seems 
"to be surer with regard to the effect of regulations for Ihe improve- 
" ment of the fisheries than that the result only shows itself by good 
" years becoming better and bad years not so bad ; and, further, that 
" the full benefit of such regulations is not felt imtil eight or ten years 
" after their introduction. Thus, if the st«<tement of number and weight 
" of the fish caught at the salmon fishings belonging to the Aberdeen 
" Harbour Commissioners be studied, it will be seen that in only two 
" out of the first nine years after the new regulations were adopted did 
" the yield of fish exceed 100,000 lbs., whereas in the subsequent seven- 
" teen years it only fell short of the quantity in four years (p. x., ante). 
" On the Ballisodare River in Ireland, where an entirely new salmon 
" fishery was created by opening up the obstructions at the mouth 
"and allowing the fish to have free access to the spawning grounds 
" above, it seems to have been eleven years before the fisheries were 
"fully established (10th Annual Report, page 11). On the Galway 
" River, where Mr. Thomas Ashworth enormously increased the value 
" of an existing fishery by opening up a large extent of spawning ground 
" by means of ladders, it was nine years before the marked increase 
" became apparent (10th Annual Report, pe.ge 13). On Sand's River in 
" Norway, the average annual take of fish in the years following the 
" adoption of the new regulations was not half what it has been in sub- 
" sequent years (11th Annual Report, page 59)." 

The evidence afforded by these examples would seem to show that, 
although regulations may be introduced at once for the more equal dis- 
tribution of the present stock of fish, nine or ten years may elapse before 
any material increase in such stock may become apparent, and that to 
limit, therefore, the experiment to a period of ten years would probably 
be to bring it to a close just before the greatest benefit might be 
expected to accrue. — I am, <fec., 

(Signed) Walter E. ARcnEB. 
The Fishery Board for Scotland, 
Edinburgh, 29th June 1898, 
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NOTE III. 



REPORT BY MR. W. L. CALDERWOOD, INSPECTOR OF 
SALMON FISHERIES, ON THE CRUIVE DYKES AND 
CRUIVE FISHINGS OF SCOTLAND. 

Following the judgment of the Court with reference to the construc- 
tion and alteration of the cruives of the river Deveron (34 Scottish 
Reporter, p. 440), and the ultimate agreement between the Duke of 
Fife and the District Fishery Board to have the cruive dyke removed 
altogether, it becomes of interest to ascertain the present condition of 
cruive fishing in Scotland. 

The case referred to is of special interest, because it places on record 
the first judicial decision upon the effect of the Commissioners appointed 
under the Salmon Fisheries (Scotland) Acts (25 k 26 Vict. cap. 97 ; 26 
k 27 Vict. cap. 50; 27 k 28 Vict. cap. 118), so far as the regJilations 
regarding cruives are concerned (Schedule F of the 1868 Act), and it fully 
upholds the requirements of the Commissioners* bye-law. Previous to 
this decision the case of Kennedy v. Murray (1869, 7 Macph., 1001) 
could be cited as a guide to the proper interpretjition of the statute ; 
but the case dealt rather with the powers of the Commissioners as 
expressed in the 1862 Act, and 1868 Act, with reference to mill dams 
and hecks, than to cruives. 

The right of fishing by means of cruives was granted by the Crown 
in ancient times, and is distinct in law from all other methods of catching 
salmon. By the memorandum dealing with the law as to the regulation 
of the fishing and the construction of cruives, published in 13th Annual 
Report, Part II., Appendix Note III., p. 67, it is evident that in all 
probability cruive fishing was fully established before the time of William 
the Lion (12th century); indeed, the system of catching fish in cruives 
may be considered as only a modification of the most primitive method 
of fishing by means of loosely built pools, which has been common to 
many races, and is exemplified still to some extent by the old yairs of 
the shores of the West Highlands, or the doaches of Tongland. 

In all the early Acts bearing upon the subject of cruive fishing provi- 
sion is made for the keeping open of what is termed " a mid -stream." 
For instance, an Act of James III., 1447, cap. 73, requires " that the 
mid streme be left free the space of six fute." It has since been argued 
in more than one case that the provision for the mid-stream has now 
lapsed. Mr. Archer and Messrs. Carmichael k Miller, W.S., in the 
memorandum above referred to, call attention to this when dealing with 
the case of the Heritors of Don v. Town of Aberdeen, 1667 (M. 10,840), 
as follows: — " In judgment," the Lords, "considering that the mid-stream 
" has been long in desuetude, and that this late ratification was passed 
" without notice, therefore ordained the pai*ties to adduce witnesses 
" whether the middle streams was accustomed in any cruives in Scot- 
" land." "This seems a high-handed way of riding over an Act of Parlia- 
" ment ; but, in point of fact, the statute would seem to have been totally 
" disregarded in the law courts." It would appear that in Scotland, in 
view of the provision which was made for a mid-stream gap in mill 
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dam dykes to provide for the ascent of fish, the " mid-streams" in cruive 
dykes are said to have lapsed ; a sufficiently illogical position. In this 
connection it is of interest to notice the law regarding the cruives or 
fishing weirs of England. The Salmon Fishery Act of 1861 provides 
(sec. 27. Restrictions as to Fishing Weirs) : — " Where any fishing weir 
extends more than half-way across any stream at its lowest state of 
" water, it shall have a free gap or opening in accordance with the regii- 
" tions following, unless otherwise authorised by the Home Office, under 
" the powers of this Act ; that is to say — 

" (1) The free gap shall be situate in the deepest part of the stream 
" between the points where it is intercepted by the weir ; 

" (2) Tlie sides of the gap shall be in a line with and parallel to the 
" direction of the stream at the weir ; 

" (3) The bottom of the gap shall be level with the natural bed of 
" the stream above and below the gap ; 

" (4) The width of the gap in its nari*owest part shall be not less 
" than one-tenth part of the width of the stream ; provided 
" always that such gap shall not be required to be wider 
" than forty feet, and shall not in any case be narrower than 
" three feet." 

Willis Bund, in his Law of Salmon Fisheries in England and Wales, 
points out (p. 312) that in cases where the fishing weir does not extend 
half-way across the river they may be fished without gaps, provided they 
were in use on 6th August 1861. 

It is further worthy of remark that, with regard to what in Eng- 
land are termed Fishing Mill Dams, the 1861 Act provides (24 & 25 
Vict. sec. 12), inter cUia, that "no fishing mill-dam, although law- 
" fidly in use as aforesaid, shall be used for the purposes of catching 
" salmon unless it have attached thereto a fish -pass of such form and 
" dimensions as shall be approved of by the Home Office, nor unless 
" such fish-pass has constantly running through it such a flow of water 
" as will enable salmon to pass up and down such pass, but so neverthe- 
" less that such pass shall not be larger nor deeper than requisite for 
" the above purpo5;es." 

It will be noticed, therefore, that in process of time, in Scotland, the 
enforcement of the mid-stream has been allowed to lapse; cruive dykes 
have been permitted rightly or wrongly to intercept the entire flow of 
rivers ; whereas in England the provision for a "mid-stream" in cruives 
has remained. To those who hold rights of cruive fishing and netting 
below, the absence of any " mid-stream" is natundly of great pecuniary 
advantage ; but to others who may hold rights of ordinary salmon fish- 
ing in rivers where cruives are fished, the matter may naturally be 
viewed from an opposite standpoint, since the cruive frequently gains 
the monopoly of the fishing and seriously injures the adequate distribu- 
tion of fish in the district. 

In preparing the present report as to the cruives of Scotland, I have 
communicated with upwards of a hundred districts, and have received 
information as to the presence or absence of cruives, <fec., from every 
salmon-frequented district in the country. 

In rivers held entirely by one proprietor, it appears that for many 
years no cruive fishing has been carried on. The reason for the dis- 
continuance of the cruive fishing seems invariably to have been in order 
to benefit the rod fishings, which are in the majority of cases let on short 
or long lease. Further, the decision to abandon this form of fishing lias 
in all cases, except one, been followed by the removal or partial de(»y of 
the cruive dykes. In the Thurso river, for instance, the cruives were 
removed many years ago by Sir J, G. T. Sinclair, Bart., of Ulbstf r, to 
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whom the river belongs, and in addition to this improvement, it was 
resolved that no netting of the estuary be permitted before June. In 
tlie case of the Brora, a flood of great height, which occurred about 
twenty-eight years ago, seriously damaged the cruive dyke, which, I 
understand, contained four boxes ; in the interests of the river fishings 
no eflfort was made to rebuild the structure, and subsequent floods have 
gradually demolished it. I am informed by the Duke of Sutherland's 
factor at Golspie that no cruives now exist in any of His Grace's 
rivers. The one case in which a sole proprietor maintains liis cruive 
dykes, although no fishing of the boxes has been carried on for upwards 
of twenty years, is that of the River Beauly. The rod fishing of the 
upper river is let, but the dykes are maintained in order to secure a 
good supply of fish in the private fishings of the beautiful pools below. 
The dykes are two in number, and meet above a small island, at Beaufort 
Castle, so as to form a widely spread V. The dyke from the right 
bank has foiu* boxes, that from the left bank has three boxes. At no 
cruives in Scotland are there so many boxes as here. An advantage 
secured to the general fishings of the river, however, is evident from the 
presence of the seven openings in the dykes and from the breadth of 
the openings ; the rush of water is distributed, and no one box passes 
a foaming race of water such as may be seen at some other cruives. and 
which forms an impenetrable obstacle to so many fish during cei-tain 
conditions of water flow. * The dykes themselves are most substantial. 
Each arm of the V measures about 170 yards in length, and during 
summer level of the river, stands from four to five feet above the 
surface of the water on the upper side, and is broad and flat on the top. 
Except during high floods, the dykes f oi-m a convenient causeway by which 
the river may be crossed. In former times the cruives of the Beauly 
were situated lower down the river, at a place still named Or ui vend, 
near the new Lovat Bridge. Here the fish used to be boiled in huge 
coppers previous to being packed in flat circular tubs of small size. 
The ancient apparatus still remains, but, probably through increased 
facilities of transit, the practice of boiling was discontinued some sixty or 
seventy years ago. 

Turning now to rivers in which the interests of many proprietors are 
concerned, we may first simply mention that on important rivers such 
as Spey and the Aberdeenshire Dee, cruives have for very many years 
been cleared away. 

In the Ewe district a cruive was removed about forty years ago in 
order, I am informed by Sir Kenneth Mackenzie of Gairloch, to lower 
the level of Loch Maree. In the neighbouring district of Bedachro 
and Kerry, also, a cruive has been allowed to disappear under the 
influence of floods. 

In the Alness district at Ardros, the cruive was broken down about 
thirty years ago and has not since been repaired. 

In the district of the Conon, at Brahan Castle, near the mouth of 
the river, are extensive cruives somewhat similar to those of the Beauly. 
Immediately above an island about seventy acres in extent, the V-shaped 
dykes unite. In this case the dyke from the left bank is very much 
longer than the other. It slants down the river a long distance and 
contains three boxes of a width of twelve feet ; the middle box is at 
present boarded up so that water does not flow through it. The right 
dyke is short and contains one box. The dykes are not so widely built 
as is the case at Beaufort Castle, nor are they constructed so as to stand 
so high above the ordinary level of the river. They are built after the 
manner of ordinary weirs. I am informed by the Clerk of the District 
.Ksbtry Boftjrd thai th« aruivis hav^ not b9«n fiah^ f^r nine yoaxs. 
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In the district of Aylort a cioiive existed in early days. I am 
informed that no structure of the kind exists now. Mr Young, in the 
Third Annual Report, p. 146, refers to the remains of an old cruive on 
the Aylort while describing the rivers in the west of Inverness-shire. 

In the district of the river Ugie, at Inverugie, a dyke containing two 
boxes exists in an efficient condition, but the fishing has not been 
carried on for many years. Three years ago a new arrangement as to 
the leasing of the rod fishing came into force and there seems no likeli- 
hood of the cruives being again fished, except to obtain fish from which 
to stock a neighbouring hatchery with ova. 

In the South Esk district a dyke with two boxes existed at Brechin 
Castle. In 1865, however, an agreement seems to have been come to 
between the Earl of Dalhousie and the Town Council of Brechin, who 
hold certain milling interests, by which the cruive should be done away 
with. I am informed by the Clerk to the District Fishery Board 
that the Earl of Dalhousie retains full power to restore the cruives 
and recommence the fishing. 

In the district of the river Forth two cruives have fortunately fallen 
into disuse. At Kippenross on the Allan, a tributary of the Forth, the 
cruive has not been fished, I am informed by the District Superintendent, 
for a period of 36 years. The other cruive existed at Doune on the 
Teith tributary. It was carried away by a flood which occurred about 
20 years ago, and has not since been repairecT. 

Records of cruives discarded in earlier times come from the following 
rivers : — Forss, a small structure used to intercept yellow trout ; Hope ; 
Loch-na-Ciste, in North Uist ; Wick ; and Ythan. 

With reference now to the crnives which are fished at the present 
time, I have the honour to submit the following table : — 

List of Localities where Cruive Fishing is regularly carried on. 
(A single cruive dyke exists in each case.) 



LocaUty. 


1 
River. ' District. 


No. of boxes in dyke. 


1. Inverawe 


1 
Awe. 1 Awe. 

t 


Two. 

1 


2. Cluden Mills - 


Cluden. 


Nith. 


One. 1 


3. Gordon's Mills 


Don. 


Don. 


Four. 


4. Dupplin - 


Earn. 


Tay. 


One. 


5. Strathallan 


Earn. 


Tay. 


One. 


6. Craigforth 


Forth. 


EoYth. 


One. 



1 . The cruive in the Awe district is situated about half a mile above 
the mouth of the river. The cruive fishings and the rod fishings are let 
together. 

2. Cluden Water is the first tributary of any importance on the river 
Nith. It joins the main river at Lincluden Abbey, about a mile above 
the town of Dumfries. No reference seems to have been made to this 
cruive in descriptive accounts of the fisheries of the Nith district. The 
cruive, or more properly, and as it is known in the district, " the creel," 
is fitted in a wooden staging which crosses the river at an island situated 
between the two Cluden Mills, The creel is fixed in the channel to the 
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left of the island. It is an iron cage of an elongated pyramidal shape 
with an inverted mouth of similar form. The principle of the trap is 
precisely that of the lobster-pot. The apex of the inner pyramid is 
op^n, and through this the fish swim into the cage, from which there is 
no exit. A small iron crane about 9 feet high is erected in the staging 
above the ci'eel, and by it the latter is raised and lowered. Fish are 
extracted through a hinged door in the cage. The measurements of the 
creel are as follows: — Extreme length, 6' 6"; the mouth or broadest 
part of the cage, 2' 9"x2' 4", with l^rs 2" apart; sloping side of in- 
verted mouth, 3' ; entrance to cage at apex of inverted mouth, 6 inches 
by 4 inches. When the creel is being fished, the staging is closed to 
the passage of fish of any size by the insertion of a series of wooden 
hecks, the spars of which are vertical and 3 inches apart. The staging 
is 3 feet 4 inches above the stream-bed where the creel is fitted ; the 
space between the posts which support the creel on either side being 
3 feet 2^ inches. No exception can be taken to the hecks, which 
represent^ in this case, the cruive dyke, but I venture to think that the 
" creel " or cruive box is as illegal as the old baskets formerly used at 
the Falls of Tummel, and that fishing by means of it should be entirely 
discontinued. 

3. The cruives of Don at Gordon's Mills aie upwards of two miles 
from the sea, by the coiu^e of the river. The dyke is sickle-shaped, the 
cruive boxes being in the handle part of the sickle on the left side of 
the river. Mr. Young, in the First Annual Report, p. 21, describes 
the cruives as the worst in Scotland. A considerable alteration in the 
condition of the river seems, however, to have occurred since this 
description was written in 1883, "the objectionable appurtenance" 
of the Baron's Grain — a cul-de-sac beneath the blade-part of the sickle — 
having become entirely filled up. This old pool, which was complained 
of as a trap for salmon, presents now the appearance of a large irregular 
grass-covered bank, only separated from the island upon which the neck 
or angle of the dyke rests by a shallow channel which may be filled 
with water at times of flood. The curved portion of the dyke has 
apparently been heightened, and is now smooth with a covering of 
cement. The four cruive boxes are arranged in two pairs, and between 
the two pairs, below the dyke, a " tail " of debris has formed and is now 
grass-covered for a distance of about forty yards. The pool below, into 
which this bank extends, is still fished from the original island which 
separated this pool, known as the Lebby Pot, from the Baron's Grain. 
The imperfect dam across the channel at the low end of the Lebby Pot 
is maintained for the purpose of keeping up the water level, since the 
netting of the Pot rather than the inscales of the cruive boxes are 
looked to for the purpose of remuneration in the fishing. In my 
general Report to the Board I have referred (p. 7) to this check- 
dyke as in all probability an illegal structure. I am informed 
by the local inspector that hardly any fish are taken in the inscales, 
and that of late years even the netting of the wat.er below has 
not been a success, and this in spite of the fact that the injurious 
habit of netting close up to the races coming from the cruive boxes has 
been constantly practised. The cruives are of the minimum size per- 
mitted by Schedule F of the Salmon Fisheries (Scotland) Act, 1868. A 
view of two of them will be found in Plate I. appended. The fishings 
connected with the cruives are held by eight indi\aduals, whose interests 
difier to a considerable extent. The condition, so far as I am aware, is 
unique in Scotland. In all other localities the right of cruive fishing 
seems vested in an individual Just below the cruives on the left 
bank is the outfiow of the lade which supplies the Grandholm Mills. 
Xh^re 18 ni^w a most substantial heck upon it. The intake of this lade 
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\% about a mile further up the nver. The intake for the lade supplying 
Goixion's Mill passes off from the right bank of the nver immediately 
above the curved part of the cruive dyke. During normal flow of the 
river the upper water-level at the dyke is about ten or twelve inches 
below the top of the dyke, and the dyke itself is only between three and 
four feet above the level of the lower pool, so that, even including the 
netting of the Lobby Pot as part of the cruive fishing, the structure is 
npt so serious as to be now described as the worst cruive obstruction in 
Scotland, or by any means the worst obstruction in the river Don 
(vide p. 8). 

4. In the Tay district, as has been shown by the above Table, two 
cruives exist on the river Earn. The Dupplin dyke is about 200 yar^s 
long, stretching obliquely across the river from bank to bank. In 
vertical height it is about 10 feet. The one box is situated between 
two small islands and is 10 feet wide. Owing to the steep gradient, 
the height of the dyke, and the volume of water confined in the river 
above the dyke, the current through the box is very great, so that ev«Hi 
during the weekly and annual close times, when the hecks and inscales 
are removed, fish cannot readily pass the dyke except during floods, 
when they ascend over the face rather than through the box in the dyke. 
To permit of a fair passage of fish, as is intended by the requirements 
for the weekly slap, mentioned in all Acts referring to cruives, a salmon 
pass would require to be erected by means of subsidiaiy dykes thrown 
across the channel between the right bank and that poition of the 
cruive dyke which is to the right of the cruive box. 

5. About eight miles further up the river, Strathallan cruive dyke 
occurs. It is, at normal levels, about 5 feet high, but the face of the 
dyke rises most abruptly. One box also causes a great flow of water, 
but more passes over the sill of the dyke than at Dupplin, and the fall 
is not so great, hence the passage through the box is more negotiable 
for ascending fish when that passage is passable. If the matter could 
be arranged, however, great benefit would result to the sport of the 
river if a salmon pass could be introduced. 

6. The only other cruive dyke w^iich reinains to be mentioned is that 
on the Forth, at Craigforth, about a mile below the mouth of the Teith. 
It is an example of the large type of cruive as found also at Dupplin 
and Strathallan on the Earn. It measures 6 feet broad by 13 feet long. 
A view of it is given in Plate II. The long levers seen in the illustitition 
above the cruive box are used for raising the wooden blinds which shut off 
the water when the fish are removed, or when the inscales are b^ing 
adjusted. One of the inscales can be seen in the photograph, the 
blinds being up and the water flowing through the box. Entrance for 
the fisherman is obtained by a wooden hatchway communicating mth 
iron steps fixed in the concrete wall. The box is supported against the 
^ien of floods by heavy iron shores set in the stonework of the apron. 
When the photograph was taken, the tide being out, the depth of water 
at the sill of the box was 4 feet 3 inches. The current passing through 
the box is, however, by no means heavy, and sea-trout and small salmon 
should be able to pass through the heck in ordinary conditions of water- 
flow. The objection applicable to both Dupplin and Strathallan cruives 
is therefoi-e not present at Craigforth. The weir is very long, is 
/-shaped, and quite perpendicular, the water immediately below 
being very shallow and broken. It varies in height owing to the 
difference in level of the bed of the stream below. The highest point is 
furthest down stream. I estimated the elevation to be between % and 
9 feet, the tide being out. A view of the weir will b^ found in Plat^ 
III. The cruive is near the left bank, where the dyke is 4|J to 5 f^. 
N^r the right bank the rocky ledges, i^pgn ^hij^h ^le jsaggpiM^y j^ 
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based, become more apparent and project down stream a short distance, 
so as to reduce the height to from 3^ to 4 feet. At this point during 
floods fish might probably ascend, even when the tide is out, but the 
main channel is on the opposite side of an island, which is situated 
below the weir. The main channel leads up to the cruive. The ascent 
of fish, however, is only possible at high tide as a rule, and then it is 
comparatively easy. A meal mill is situated on the right bank opposite 
the cruive box. The tail-lade enters the river just below the cruive 
dyke at its extreme right. The intake is not influenced by the weir on 
which the cruive is situated, but by a smaller dyke largely composed 
of natural ledges of rock. This structure is about 150 yards above 
the cruive, and does not materially influence the flow of the liver. 
Netting is carried on above the mill dam and below the cruive dam, 
where, between the island and the left bank, a large pool exits. 

In order that a proper view of the cruive may be obtained, it is 
necessary to visit the locality while the river is unaffected by tide. To 
remark this is tantamount to a statement that the Craigforth cruive 
seems to be situated where, to use the expression of the old Acts which 
govern the legal situation of cruives, '* the sea fiUis and ebbis," and 
where in terms of these Acts (Robert I., 1318, c. 12 ; James I., 1424, 
c. 11 ; James III., 1477, c. 73) no cruive should remain. The clause 
of the last-mentioned Act reads as follows: — **That the Act maid of 
before, be King James I., anent cruives set in waters be observed and 
keiped. The quhilk beires in effect that all cruives set in waters, qubair 
the sea fillis and ebbis, destroyis the frye of all fisches, be put away and 
destroyed for ever mair, notwithstanding any freedom or priviledge 
given in the contrair ..." I find, by consulting the tide tables, 
that at Stirling the time of high water is 1 hour 22 minutes later than 
at Leith, and that a rise of 7| feet is set down as that of spring tides in 
this locality. The Craigforth cruive is fully two miles by the river 
above the bridge at Stirling, and Ls no doubt subject to a rise of less 
than 7^ feet, yet on inquiry I am informed that spring tides rise to 
within a foot of the top of the dam-dyke, and that if the blinds of the 
cruive be shut down, so that practically no water passes through the 
box from above, the cruive box is filled up with water fiom below, by 
the action of the rising tide. 

I would therefore venture to draw the attention of the Board to the 
conditions under which the Craigforth cruivo exists. 
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NOTE IV. 



{Fr<m the *' Scottish Law Report^:') 



Friday^ January 20^ 1899. 
FIRST DIVISION. 

[Lord Kyllachy, Ordinary. 

COUNTESS-DOWAGER OF SEAFIELD AND 
OTHERS V. KEMP. 



DECISION. 



Lord Prestdent — The main question in this case is a jury question, 
and my judgment is with the Lord Ordinary. The condition of the 
Ringorm and of the Spey, immediately below the confluence of the 
Ringorm, forty years ago, and the condition of those waters now, are 
matters of plain fact. There is, I think, abundant evidence to establish 
that those waters were (to use the Lord Ordinary's phrase), until a 
period well within the prescriptive period, unaffected by artificial 
impurities and fit for the primary uses. Their present condition, as 
spoken to by credible witnesses, is one of manifest pollution. That the 
defender's distillery materially contributes to this pollution is proved 
by very conclusive evidence. The Ringorm Burn affords the sharpest 
test of this last fact, for to the artificial pollution of that stream there 
has never been any other contributor, but the influence of the defender's 
discharges on the water of the Spey is distinctly traced. These general 
propositions rest upon evidence which in quality and in amount leaves 
no reasonable doubt. 

It is necessary, however, to distinguish between the pollution before 
and the pollution after the execution of the defender's remedial works. 
These works have apparently made some differences, although it cannot 
be said that those differences are all for the better. What is quite 
certain is that the water continuas to be polluted from this distillery to 
a material extent. It matters little whether since those works were 
executed less stuff goes into the Ringorm and more directly into the 
Spey, or whether there is now less of one offensive substance and more 
of another. The scientific evidence, led at enormous length, does not 
prove, and does not even go towards proving, that the nuisance has 
been abated. 

Accordingly I hold that the illegal act of polluting these waters is 
brought home to the defender. There remains, however, the question 
whether the pursuers have proved that they have been injured, and 
I agree with the defender that the cas§ of each pursuer must be con- 
sidered separately. The position of Mr. Grant of Wester Elchies is 
the narrowest geographically but the strongest argumentatively. He 
is proprietor of the right bank of the Ringorm, and of so much of the 
Spey as is ftc adverao of the west half of the channel of the Ringorm. 
He is therefore directly interested both in the polluted part of the 
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Ringorm and the polluted piii't of the Spej, and no exception can be 
taken to his title. As regards the proprietor of Aberlour, I hold with 
the Lord Ordinary that it is proved in fact that the Spey ex adverso of 
his lands has been materially polluted by the defender's discharges. 
That Lady Seafield's estate has been injured, if there be pollution at all, 
cannot be disputed as matter of fact, as regards both the Ringorm and 
the Spey, her lands extending ex adverso of both streams on their left 
banks. The argument against her Ladyship is founded on a feu contract 
entered into between her and the defender's predecessor in 188G, and it 
is said that she is barred from insisting in the present action. I am 
happy to know that Lord Kinnear will discuss this branch of the case 
more fully, but 1 may say that although the feu -contract commits Lady 
Seafield to the use of the ground as a distillery and the use of the 
Ringorm water for the purposes of the distillery, it confers no license 
to pollute, unless that is implied in those uses. That a distillery may 
be carried on at the place in question, and may use the Ringorm water 
without pollution, is not only credible but is proved in this casfe — for 
forty years ago there was a distillery, and the water was not the less fit 
for primary purposes. Accordingly it was for the defender, if he had 
a case of that kind, to prove that the distillery could only be carried on 
and could only use the water on condition of polluting the two streams, 
and that, in fact, this was being done in 1886. This, however, has not 
been proved. Indeed, evidence to this effect would have been inconsistent 
with the defender's general case, and inconsistent also with the salient 
fact that the enormous increase in the size of the distillery after 1886 
has been the true origin of the gross pollution which is now complained 
of. Accordingly I think that Lady Seafield is not barred by the feu- 
contract. 

The position of Mrs. Kinloch Grant of Amdilly is different from 
that of any other of the pursuers, for her property is much further 
down the Spey. Now I find it impossible to affirm anything about 
the condition of the Spey at Amdilly, either forty years ago or now, for 
there is no evidence on the subject. For anything I know, the Spey 
may have rid itself of the defender's pollution before it reaches Arndilly, 
and be perfectly potable; and on the other hand, the water may have 
been hopelessly polluted for generations from other quai-ters. In the 
potability or the pollution of the water ex advei'so of other people's lands 
this lady cannot acquire an interest merely by joining them as a pursuer, 
and she can only prevail in the action in so far as she has proved injury 
to herself. Now I think that Mrs. Kinloch Grant has done so in the 
single article of salmon fishing. Every proprietor of salmon-fishings is 
injured if the spawning-beds are spoiled, even in a part of the river 
away from his fishings. The community of interest among the pro- 
prietors of salmon-fishings in a river is recognised by law, and it is a 
fact. Now in the present case there is adequate evidence that these 
discharges are deleterious to the bed of the river for spawning purposes. 
The summons contains a conclusion appropriate to the protection of 
Mrs. Kinloch Grant, and to this extent, and to this extent only, I think 
she is entitled to declarator. The matter is not of much practical 
importance, but as it is challenged, I do not think we could allow the 
general decree of declarator about primary uses to stand in Mrs. Kin- 
loch Grant's favour, and I propose that our judgment on the whole 
matter should be to adhere to the findings and decrees of declarator in 
the two first heads of the interlocutor, in so far as those relate to the 
pursuers, other than Mrs. Kinloch Grant of Arndilly, and in regard to 
the said Mrs. Kinloch Grant, in place of the said findings and declarators, 
find and declare that the defender has no right or title to discharge into 
the Ringorm Bum, and through it into the river Spey, any impure 
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matter or liquid prejudicial to the salmon-fishings of the said pursuer 
Mrs. Kinloch Grant, and decern ; quoad ultra adhere to the said inter- 
locutor as regards all pursuers. 

Lord Adam and Lord McLaren concurred. 

Lord Kixnear— I also concur with your Lordshi^is. 1 think the 
main questions to be considered in this case are pure questions of fact, 
and upon these I agree entirely with your Lordship and with the Lord 
Ordinary, and therefore I think it would be an idle encroachment on 
the time of the Court if 1 were to add anything to what your Lordship 
has said. 

But theie is a separate point which raises a different kind of ques- 
tion altogether — the defence that is rested on the defender's construction 
of the feu-contract of 1886— and upon that I may state the reasons for 
which I have come to the same conclusion as your Lordship has. I 
think the defender's construction of that feu-contract cannot be main- 
tained.^ This raises quite a different question from that which has been 
considered in various cases where it has been proposed to make a 
landlord responsible for the nuisjince created by his tenant because of 
his having let this land for a special purpose, which in ordinary course of 
business would probably create a nuisance. In these cases it has been 
maintained that a heritor complaining of nuisance is entitled to the same 
remedy against the landlord as against the tenant, because the landlord 
must be responsible for the direct consequences of his own act which he 
could not lawfully do by another; that is, by the tenant, if he could not 
lawfully do it himself. But the relation between Lady Seafield and the 
other parties to the feu-contract of 1886 is not that of landlord and 
tenant, but of vendor and purchaser, and the purchaser who becomes 
the vassal acquires under that title an absolute right of propetty in the 
use of which he cannot be controlled by the superior so long as he 
performs the conditions on which he holds the land, so as to give the 
superior no right to put an end to the feu. It would be quite impossible 
to interdict Lady Seafield (which the argument implies would be the 
right of the other pursuers) from polluting the Ringorm Burn or the 
river Spey by discharges from the defender's distillery, because she could 
do nothing whatever to carry out the order of the Court except by 
obtaining an interdict herself against the defender, which, ex hypothesi 
of the argument, she is not entitled to do. But then it is said, at least 
so I understand the argument, that treating the case as one of superior 
and vassal, by the terms of the deed Lady Seafield expressly confers on 
her vassal the right to use the water of the Ringorm Burn so as to 
pollute both that stream and the river Spey in the manner complained 
of, or at all events, that she expressly surrenders her own right to com- 
plain if the stream should be so polluted. That is i*ested on two clauses 
of the feu-conti'act — fii'st, the dispositive clause, by which the superior 
" sells and in feu-farm dispones ... to James Stuart . . . the 
distillery of Macallan, with the right to take water for the use thereof 
from the Burn of Ringorm by pipes laid or to be laid from the said bum 
through the farm of Ovei-ton ; " and the clause by which it is declared 
" that it shall not he lawful to nor in the power of the said James Stuart 
or his foresaids to erect or carry on upon the piece of ground hereby 
disponed any manufactures or operations which may be legally deemed 
a nuisance, or be dangerous or injurious to the amenity of the neigh- 
boiu-hood, but which declaration shall not apply to the carrying on of 
the said distillery." Now, I think that those two clauses must be con- 
sidered separately, because they raise different questions, both as regarda 
construction and legal effect. The first is said to be an express grant of 
the right to use the water of the Ringorm Burn in the very manner 
of which the pursuer now complains. I do not think it can be sa 
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construed. It is a right to take water from the burn, and that is 
expressed certainly in very geneiul terms, and I do not at all doubt 
in terms wide enough to cover all the right to take water from the 
bum for that purpose which the granter possessed. But in any fair 
construction of the words of grant it cannot mean more than that. It 
is a grant of a special right along with a conveyance of land, and it is 
covered just as much as the grant of the land by the warrandice clause, 
and therefore Lady Seafield srives right and wairants it to the grantee 
in general terms to take water from this burn. Now, there can be no 
question at all as to the natui^e and extent of the right she herself 
possessed, and which alone she could give to anybody else. She was 
not the sole riparian proprietor, and therefore though she was entitled 
to divert water from the stream for the purpose of any manufacture if 
she chose to do so, she could only do it upon the condition and obliga- 
tion of returning all the water which she did not consume for primary 
purposes to its channel within her own ground, undiminished in quantity 
and undeteriorated in quality. She had no right whatever, as against 
the lower heritors, to pollute either the Ringorm Burn or the River 
Spey, and therefore the grant of all the right she had or could pretend to 
have would not enable her grantee to pollute this stream either. I think 
it the more difficult to put a wider construction on the terms of the 
contract so as to make them cover rights which she did not possess and 
could not dispone, because the warrandice must be equally comprehen- 
sive, and the defender's argument, if it were carried to its logical con- 
clusion, would mean that Lady Seafield is not only precluded from 
complaining of pollution herself, but is bound to protect him against 
complaints of lower heritors, and to make good to him any loss that 
may be occasioned by their interference with the right which she has 
conferred. I cannot put that construction on the clause, and cannot read 
into it words which are not there, so as to make it mean that the 
superior gi*ants to the vassal the right to take and use the water of the 
burn free from any condition or obligation affecting the superior herself 
to restore it unpolluted lower down the stream. Lady Seafield could 
not grant that right, and I do not think that, if it had been expressed 
in clear terms, any superior would have signed the feu- contract, and 
therefore I am unable to import by implication words which would have 
so serious an effect on the rights of parties when they are not expressed. 
But then it is said that this is implied by the specification of the use for 
which the water may be taken. It is to be taken for the use of the 
distillery, but that appears to me to add nothing to the meaning, fairly 
read, of the words of grant, unless it could be maintained that 
as matter of fact the distillery could not be can-ied on in the 
ordinary course of business without polluting the stream in the 
manner complained of. Now that is not alleged, and it certainly 
is not proved, and it therefore appears to me that these words 
add nothing to the fair meaning of the words of grant taken 
apart from them. Another view was suggested — that at all events 
the feu-contra<!t must be read with reference to the condition of 
the bum at the time it was executed, and therefore that the vassal must 
have right to continue the same kind of pollution to the same effect as 
existed in 1886 — the doctrine invoked being that the contract must be 
const nied with reference to the facts to which it relates. Now I think 
it would be extremely difficult to apply that method of construction to 
such a title as this, because it is a grant of land in perpetuity, and a 
special heritable right is granted along with the land, and as a pertinent 
of it; and I think it would be extremely difficult to hold that the 
character and measure of that grant, into whose hands soever the lands 
may come at any distance of time, has to be determined, not by refer- 
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ence to anything expressed in the title, or preserved on record, but 
by reference to an extrinsic state of facts known ex hypotkesi to the 
granter and grantee at the time, but which their singular successors 
could not possibly know anything about at a distance of time, because 
there is no record of evidence to explain it. But if such a method of 
construction were applicable at all, then I agi*ee with an observation 
that was made by your Lordship, that it lies with the defender — main- 
taining that the woi-ds of a feu-contract are to carry a wider meaning 
than that which, if construed alone, they would bear by implication 
from a specific state of facts — to aver on record that state of facts, and 
to establish it by evidence. Now there is no such averment on record, 
and there is no evidence — no specific evidence — of the actual condition 
of the water in 1886, which would enable us to say what is the measure 
of the right conferred on the vassal by the feu-contract. There is no 
attempt to clear up the contract in that way by evidence, if it was 
possible to clear it up ; and I am of opinion, therefoi*e, that this clause 
at all events cannot be so construed as to confer on the vassal any higher 
right than Lady Seafield possessed. 

But then it is said that the second clause, to which I adverted, bars 
the superior from the present complaint. That is an exception from 
the clause for the prevention of nuisance. It is declared that the vassal 
shall not be entitled to carry on manufactures which may be deemed a 
nuisance — excepting f i-om that declaration the carrying on of the said 
distillery — and as I understand the argument, it is said that is an 
express pennission to can-y on the distillery, and that therefore the 
pursuer cannot complain on the maxim volenti nonJU injuria, I think 
that would be a very good answer to an action at the pursuer's instance 
to put down a distillery as a nuisance. I do not think that she would 
be in a pa«%ition to maintain that the distillery as such is a nuisance 
prohibited by this clause. But the only purpose of the exception is to 
take the distillery out of the scope of the clause prohibiting nuisances, 
and when it has served that purpose there appears to me to be no other 
meaning that can be given to it, and therefore on this branch of the 
contract also, as on the other, it would be indispensable for the defender 
to show that the distillery could not in fact be carried on without pro- 
ducing this particular nuisance of which the pursuer complains; and 
as your Lordship has pointed out, that has not been pi-oved. Indeed, it 
is not consistent with the defender's case to maintain it. That there 
may have been a discharge of impurities into the Ringorm Burn at the 
time the contract was grants, or that such a discharge may be veiy 
probably, if not necessarily, a consequence of carrying on the distillery, 
is a very difterent matter, because in all thase cases the question is not 
one of degree. It cannot be alleged of any running stream that it is 
absolutely free from impurities at any time, and therefore the question 
always is, whether the person complained of has discharged into the 
river impurities so much greater in character and degree than what 
had been discharged within the prescriptive period as to create a 
nuisance. I think that is the true question in the present case, and 
that it is proved that the defenders have polluted the stream to a much 
greater extent than had ever been done before, and therefore if the 
clause in question were held to contemplate that some degree of impurity 
may be discharged into the stream, it does not follow that it contem- 
plates what the defender is now doing. It appeal's to me that the 
condition of the contract which is founded on, by which the carrying 
on of the distillery is excepted from the general prohibition of nuisances, 
cannot be carried further than to bar the superior from complaining of 
the distillery as such being necessarily in itself a nuisance. That she 
does not do in this action, and therefore I think the plea of bas' falls. 
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•' On all the other points in the case, as I have said, I enth'ely agree 

with your Lordships. 

The Court pronounced the following interlocutor : — 

" Adhere to the findings and decrees of declai^tor in the two 
first heads of the interlocutor reclaimed against, in so far as 
these relate to the pursuers other than Mrs. Kinloch Gi^ant, 
Amdilly : And in regard to the said Mrs. Kinloch Grant, in 
place of the said findings and declaratois. Find and declare that 
the defender has no right or title to discharge into the Ringorm 
Bum, and through it into the river Spey, any impure matter or 
liquid prejudicial to the salmon fishings of the said Mrs. 
Kinloch Grant : Qtuoad ultra adhere to the said interlocutor as 
regards all the pursuers," &c. 
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AppiildkeS to Seviiitecnth Anriudl Mepart 



NOTE V. 



Four Tables, showing the Averaob Weight of the 
Amount of Salmon carried by Kailway Companies 
and Steamship Owners from Stations and Ports of 
Scotland during the quinquennial period, 1894-18d8. 

TABLE I. 
Berwick to Cairnbulg Point— Total, 1 166 tons, IScwts., IQr, 4^1bs. 



Railway Station or 


Port 




Tons. 


Cwts. 


*,. 


LU 1 


Forth District. 








• 


t 


Stirling .. ... ... 18 


10 


3 


17 , 


Kincardine 




8 


19 


— 


26 1 


Cau8^ayhea<l 




" 


9 


8 


13 


Alloa 




12 


12 


1 


13 


Airth 




4 


19 


2 


n i 


Cambus ... 










~ 1 


Kingliorn 








- 


1 


Kirkcaldy 












Longniddry 


•■ 




18 




18 ' 


Leven 




^- 




- 


1 


1 Larpfo 




8 


1 


2 


16 i 

1 


1 Elie 






3 


- 


2 


4 1 


St. Muiian's 






3 


5 


2 


22 j 


Dysart... 




— 


— 


— 


— 


Anstnither 




50 


18 


-- 


23 


1 Buck haven 

1 




2 


; 


1 


17 


Grail 






17 


— 


20 ; 


Dalmeny. . 




— 


2 


3 


13 : 


Edinburgh 




10 


— 


3 


6 


Kilconquhar 




2 


19 


1 


4 


Bridge-of- Allan 




— 


1 


1 


17 


Cockbunispath 


13 

! 


14 


2 


2 1 
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- 

Railway SUtion or Port. 


Tona. 


Cwts. 


Qi-s. 


Llw. 


Forth J^XBtnct—cotUinutd. 










Dunt^ar ... 




4 


2 


25 


Grangemouth 


- 


2 




16 


Gran ton .. 




2 




7 


TWEKD DlSTRICr. 










Beaton ... 


10 


10 


8 


9 


Eyemouth 


2 


3 


2 


5 


Berwick 





— 


— 




Buminouth 


15 


12 


2 


10 


Roxburgh 


- 


— 


— 


2 


Tay District. 










Grantully 




1 


3 


7 


Murthly 


-■ 


~ 


1 


3 


Dunkeld 


— 


1 


— 


3 


BoarhiUs 


1 


14 


1 


25 


Cargill ... 








~ 


KingsbarneB 


4 


9 


— 


27 


Stanley ... 


18 


4 


2 


1 
11 


Crieff ... 


— 


2 


1 


17 


Str^ithord 




9 


-^ 


.. 


Luncitrty... 


1 


9 


3 


6 


Forth 


13 


9 


2 


12 


Kinfauna ... 


42 


18 


I 


17 


Olencarse 


4 


10 


2 


11 


Errol ... ... — 




8 


1 


22 


Invergowrie 


- 


~" 


- 


— 


Dundee ... 


2 


16 


3 




Wormit .. 


6 


19 


1 


3 


Abernethy 


1 


12 


1 


11 


Newburgh 


208 


17 


2 


21 


Newport... 


-- 


2 


2 


21 


Tfyport... 


8 


9 


'3 


26 


•*-—* 


__ _ 


" 




— ... 
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Table I — conlinutd. 



Railway Station or Port. 


Tons. 


Cwts. 


Qrs. 


Lb^. 


Tay District— co?i^t«M«»rf. 










Guardbridge 


— 


1 


2 


8 


St. Andrews 


— 


— 


— 


— 


West Ferry 


3 


— 


— ■ 


22 


Broughty Ferry ... 


1 


10 


2 


17 


Monifieth 


9 


11 


— 


14 


Barry ... 


— 


10 


1 


21 


Carnoustie 


7 


18 


2 


26 


Eaathaven 


6 


— 


1 


6 


Elliot Junction ... 


1 


16 


— 


15 


Killin 


— 


14 


— 


19 


South Esk District. 










Montrose 


79 


11 


1 


23 


North Esk Dihtrict. 










Montrose 


95 


1 


2 


17 


Bbrvie District. 










Lunan Bay 


1 


5 


1 


23 


Craigo ... 


— 


6 


— 


22 


St Cyrus 


15 


— 


3 


22 


Lauriston 


10 


1 


2 


— 


Johnshaven 


8 


15 


3 


12 


Gourdon ... 


1 


13 


— 


3 


Bervie ... 


58 


19 


3 


20 


Dee, Don, Ythan, and Uoie 
Districts. 










Portlethen 


— 


— 


— 


— 


Aberdeen 


336 


14 


3 


m 


Newtonhill 


8 


17 


3 


16 


Stonehaven 


2 


7 


3 


6 


Peterhead 


44 


11 


— 


22 


Boddam ... 


— 


17 


— 


22 


Cruden Bay 


5 


1 


3 


22 
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TABLE II. 
CairnbulgPointtoCape Wrath— Total, 900 tons,! 7cwts, 3qi-s,81bs. 



Railway Station or Port. 


Ton.s. 


Cuts. 

i 


Qis. 


Lb.s. 1 


Deyeron Disibict. 








I 


Fraserburgh 


6 


8 


8 


22 


Ladyabridge 


8 


18 


2 


— 


Macduff... 


— 


— 


— 


— 


Banff 


' 3 


8 


1 


— 


Spey and Lossib Districts. 










Kincraig... 


— 


19 


2 


6 


Dunphail 


— 


— 


2 


26 


Ayiemore 


— 


— 


— 


— 


Fochabers 


210 


15 


1 


4 


Orbliaton .. 


— 


— 


3 


2 


Portioy ... 


35 


17 


8 


— 


Cullen 


7 


11 


2 


17 


Findochty 


5 


12 


1 


17 ; 


Buckie 


3 


10 


2 


6 


Buckpool 


15 


4 


1 


— 


LoBsiemouth 


40 


9 


— 


17 


Portgordon 


! — 


— 


— 


— 


FiNDHORN DI8TRICT. 










Nairn 


62 


19 


2 


— 


Forrea ... 


i 6 


13 


3 


12 


Kinloes 


i 61 


5 


2 


17 


Burghead 


38 


2 


2 


17 


Hopeman 


' — 


19 


1 


22 


t 

1 Ness and Beauly Districts. 










Fortpoae ... 


24 


16 


— 


- 


Fort George 


— 


— 


~ 


~ 


Inverness 


1 18 


2 


3 


11 


Beauly ... 


' 2 


19 


— 


13 


MuirofOrd 


2 

I 


17 

1 


— 


4 
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Table II. — continued. 



Railway Station or Port. 


Tons. 


Cwts. 


Qr.. 


Lbs. 


CONON AND ALNE88 DISTRICTS. 










Conon 


~ 


— 


— 


— 


Dingwall... 


16 


14 


8 


14 


Novar 


1 


14 


1 


22 


Alness ... 


11 


17 


2 


14 


Invergordon 


20 


6 


3 


5 


Delny 


— 




— 




Kyle of Sutherland District. 










Tain 


1 


6 


2 


16 


Fearn 


23 


16 


1 


16 


Bonarbridg« 


40 


-- 


' 


-- 


Invershin 


1 


8 


8 




Lairg 


— 


^~ 






Fleet or Brora District. 










Brora 


12 


12 


3 


27 


Loth 


2 


3 


1 


24 


Oohpie ... 


1 


17 


1 


16 


Helmsdale and Wick Districts. 










Helmsdale 


32 


8 


1 


26 


Kildonan 


1 


5 


1 


19 


Wick 


44 


10 




18 


Foreinard 


29 


18 


2 


22 


Halkirk 




— 




— 


Thurso ... 


56 


9 


1 


16 


Kinbrace . 


— 


— 


3 


— 
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TABLE III. 
Cape Wrath to Glasgow— Total 403 tons, 7cwt., Iqr., 201bs. 



\ 

Railway Station, Port, or Steamer. 


Tons. 


Cwts. 


Qrs. 


Ll>8. 

1 


Capr Wrath to Olasoow. 










Stornoway ... .:. 


26 


11 


2 


11 


Portree ... 




76 


13 


— 


— 


Attadale... 




— 


' 2 


1 


11 


Garve ... 




21 


11 


— 


2 


Auohnasheen 




" 


14 


2 


2 


Glenelg ... 








■~ 


— 


Strome Ferry 




41 


7 


2 


1 1 


Kyle of Loohalsh 




8 


6 


2 


11 ' 


** Claymore" or '* Clansman " 


29 


16 




26 

1 


Glasgow Steam Packet Co. ... 


2 


14 


1 


20 


"Dunara Caatle" 


- 


— 


- 




Other Steamers 




— 


4 


2 


11 


Fort-William 




4 


— 


— 


2 


Speanbridge 






— 


— 


— 


Tobermory 




— 


2 


8 


» 


Banavie ... 






1 


1 


16 


Oban ... 




78 


16 


1 


17 


Oonnelferry 






9 


1 


17 


Tkynoilt... 




10 


18 


— 


22 


Gomrock ... 






16 


— 


— 


Dumbarton 






2 


2 


2 


Glasgow (Central) 




82 


6 


8 


22 


Glasgow (St Enoch) 


66 


11 


-- 


17 


Glasgow (Queen Street) 


2 


— 


1 


11 
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TABLE IV. 

Glasgow to the Bonier — Total 259 tons, 3cwt., 2qr8., Sibs. 



Railway Station or Port. 



Ayii District. 

Ayr 
GiRVAN District. 

Girvan ... 
Stinohar District. 

Pin wherry 

Stranraer 
NiTH Distrut. 

Dumfries 
Annan District. 

Gretna Green 

Annan 

Dornoch ... 

Howness... 
Crek District. 

Creetown 

Newton Stewart . . . 
Flkkt District. 

Dromoi-e ... 

Bl.ADKNOOH DrSTRTCT. 

Garliestown 

Wigtown 

Whithorn 
Luce District, 

Glenluce 
Urb District. 

Dalbeattie 
Dee (SoI\*'ay) District. 

Castle Douglas ... 

Bridge of Dee 

Tarff 

Kirkcudbright 
DooN District. 

May bole 



Tons, j Owt«. I Qrs. Lbs. 



10 



17 

1 

124 

18 

13 

9 
5 



10 



18 
17 



11 
16 

1 
18 

10 
11 



7 
16 



16 



13 



10 



17 



11 



8 1 27 

2 24 

1 11 

22 

25 
10 



13 
26 
18 

11 



22 



11 
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NOTE VL 

ANNUAL CLOSE TIME APPLICABLE TO THE SALMON 
RIVERS IN SCOTLAND. 



X 5. —Observe that, in the following List, the days fixing the commencement and 
termination of the Annual Close Time for Net-fishing and for Rod-fishing, respec- 
tively, are in all cases inclusive, as in the case of the Add, the first river in the 
List. 



Name of River. 



Add, .... 

Aline, .... 
Alness, .... 

Annan 

Applecross, 

Arnisdale {Loch Houni), 
Awe, .... 

Aylort {Kinlock), 

Ayr, 

Baa and Goladoir, . 
Bailachro and Kerry [Gair- 

loch), .... 
Balgay and Shieldag, 
Beauly, .... 
Berriedale, 

Bervie, .... 
Bladen och. 

Broom, .... 
Brora, .... 
Carradale (in Cantyre)^ 
Carron, .... 
Clayburn, Finnisbay, Aveu- 

nangeren, Strathgravat, 

North Lacastile, Scalla- 

dale and Mawrig (East 

Harris)^ 
Clyde and licvcu, 
Conon, .... 
Cree, .... 

Creed or Stornoway, and 

Laxay (Island of L6ws\ 
Creran {Lock Creran), 
Croe and Shiel {Loch 

Duich), .... 
Dee {Aberdeenshire), . 
Dee {Kirkcudbrighi)f . 
Deveron, . 

Don, .... 

Doon, .... 
Drummachloy or Glenmore 

{Isleo/BuU), 
Dunbeath, 
Earn, 

Eckaig^ . 
Esk, North, 
Esk, South, 
Ewe, 



Anmial Close Time for 
Net-flfhing. 



From Sept. 1 to Feb. 15, 

both days inclusive. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Sept. 10 to Feb. 24. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
Froni Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 



Annual Close Time for 
Rod-fishing. 



From 
From 
From 
From 
From 
From 
From 
From 
From 
From 



Aug. 27 
Aug. 27 
Aug. 27 
Aug. 27 
Sept. 10 
Aug. 27 
Aug. 27 
Aug. 27 
Sept. 10 
Aug. 27 



to Feb. 10. 
to Feb. 10. 
to Feb. 10. 
to Feb. 10. 
to Feb. 24. 
to Feb. 10. 
to Feb. 10. 
to Feb. 10. 
to Feb. 24. 
to Feb. 10. 



From Sept 10 to Feb. 24. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 

From Aug. 27 to Feb. 10. 
From Aug. 27 to Fob. 10. 

From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Aug. 27 tv Feb. 10. 
From Aug. 27 to Feb. 10. 

From Sept. 1 to Feb. 15. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Sept, 1 to Feb. 15. 
From Sept. 1 to Feb. 15. 
From Sept. 1 to Feb. 15. 
From Aug. 27 to Feb. 10. 



From Nov. 
both dn 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 



1 to Feb. 15, 
vs inclusive. 
" 1 to Feb. 10. 

1 to Feb. 10. 

16 to Feb. 24. 

1 to Feb. 10. 

1 to Feb. 10. 

1 to Feb. 10. 

1 to Feb. 10. 

1 to Feb. 10. 

1 to Feb. 10. 



From 
From 
From 
From 
From 
From 
From 
From 
From 
From 



Nov. 1 to 
Nov. 1 to 
Oct. 16 to 
Nov. 1 to 
Nov. 1 to 
Nov. 1 to 
Nov. 1 to 
Nov. 1 to 
Nov. 1 to 
Nov. 1 to 



Feb. 10. 
Feb. 10. 
Feb. 10. 
Feb. 10. 
Fel^. 24. 
Feb. 10. 
Feb. 10. 
Feb. 10. 
Feb. 24. 
Feb. 10. 



From Nov. 1 to Feb. 24. 
From Nov. 1 to Feb, 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 

I From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 

From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 

From Oct. 16 to Feb. 15. 
From Oct. 16 to Feb. 10. 
From Nov. 1 to Jan. 31. 
From Nov. 1 to Feb. 15. 
From Nov. 1 to Feb. 15. 
From Nov. 1 to Feb. 15. 
From Nov. 1 to Feb. 10. 
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Ntme of River. 



Fincastle, Meaveg, Ballana- 
chUt, South Laoastile, 
Borve, and Obb (West 
Harris)^ 

Findhorn, .... 

Fleet (Sutherlandahire), . 

Fleet (Kirkcudbrightshire), 

Forss, .... 

Forth, .... 

Fyne, Shira, and Aray 
{Loch Fyna)y . 

Oirvan, .... 

Glenelg, .... 

Gour, .... 

Grei88, Laxdale, or Thniif^a, 

Grudie or Dionard, 

Gruinard and Little Gruin- 
ard, .... 

Halladale, Strathy, Naver, 
and Borgie, . 

Helmsdale, 

Hoi^e and rolla or Strath >>eg, 

Howmore, .... 

Inchanl, .... 

Inner (i?i Jura), 

Inver, .... 

lorsa {in Arran)^ 

Irrine and GHmock, . 

Kennart, .... 

Kilchoan or Inyerie {Locfi 
Nevis), .... 

Kinloch {Kyle of Toiigue), . 

Kirkaig, .... 

Kishom, .... 

Kyle of Sutherland, . 

Laggan and Som {Island of 
Islay). .... 

Laxford, .... 

Leven, .... 

Little Loch Broom, . 

liOchy 

Loch Duioh, 

Loch Lning, 

Loch Roag, 

Lossie, .... 

Luce, .... 

Lussa {Island of Mn Ih, 

Moidart 

Morar 

MuUanaferen, HoraHary, 
and Lochnaciste ( \orth 
Uist), .... 

Nairn, .... 
I Nell, Feoahan, and Euchar, 

j Ness 

|Nith, . . . . 

Orkney Islands (River frwa 
Loch of Stenness, dx,), . 

Ormsary {Loch KUlisport), 

Loch Head, and Stor- 

j noway {Mull of CarUire), 

Pennygowan or Glenforsa, 
I and Aros, 

I Resort, .... 
jRuel 



Annual Close Tfane for 
Nei-Sshing. 



I From Sept. 10 to Feb. 24. 
From Aug. 27 to Feb. 10. 
From Sept. 10 to Feb. 24. 
From Sept 10 to Feb. 24. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 

From Sept. 1 to Feb. 15. 
From Sept lOtoPeb. 24. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 

From Aug. 27 to Feb. 10. 



From Aug. 
From Aug. 
From Aug. 
From Sept. 
From Aug. 
From Sept 
From Aug. 
From Sept 
From Sept. 
From Aug. 



27 to Feb. 
27 to Feb. 
27 to Feb. 
10 to Feb. 
27 to Feb. 
10 to Feb. 
27 to Feb. 
10 to Feb. 
10 to Feb. 
27 to Feb. 



From Aug. 27 to Feb. 
From Aug. 27 to Feb. 
From Aug. 27 to Feb. 
From Aug. 27 to Feb. 
From Aug. 27 to Feb. 



From Sept. 
From Aug. 
From Aug. 
From Aug. 
From Aug. 
From Aug. 
From Aug. 
From Aug. 
Fi-om Aug. 
From Sept 
From Aug. 
From Aug. 
From Aug. 



10 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 
10 to Feb. 
27 to Feb. 
27 to Feb. 
27 to Feb. 



From Sept 10 to Feb. 
From Aug. 27 to Feb. 
From Aug. 27 to Feb. 
From Aug. 27 to Feb. 
From Sept 10 to Feb. 



From Sept 10 to Feb. 24. 



From Aug. 27 to Feb. 10. 

From Aug. 27 to Feb. 10. 
From Aug. 27 to Feb. 10. 
From Sept 1 to Feb. 16. 



Annnal Cloae Tfane for 
Rod-flahlng. 



From Nov. 1 to Fob. 24. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 24. 
From Nov. 1 to Feb. 24. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 

From Nov. 1 to Feb. 16. 
From Nov. 1 to Feb. 24. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 

From Nov. 1 to Feb. 10. 



From Oct. 
From Oct. 
From Sept 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 



1 to Jan. 10. 

I to Jan. 10. 

II to Jan. 10. 
1 to Feb. 24. 
1 to Feb. 10. 
1 to Feb. 24. 
1 to Feb. 10- 
1 to Feb. 24. 
1 to Feb. 24. 
1 to Feb. 10. 



From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb, 10. 
From Nov. 1 to Feb. 10. 



From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Nov. 
From Oct 
From Nov. 
From Nov. 
From Nov. 
From Nov. 



1 to Feb. 24. 
1 to Feb. 10. 
1 to Feb. 10. 
1 to Feb. 10. 
1 to Feb. 10. 
1 to Feb. 10. 
1 to Feb. 10. 
1 to Feb. 10. 
16 to Feb. 10. 
1 to Feb. 24. 
1 to Feb. 10. 
1 to Feb. 10. 
1 to Feb. 10. 



From Nov. 1 to Feb. 24. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Oct 16 to Feb. 10. 
FromNov. 16toFeb. 24. 

From Nov. 1 to Feb. 24. 



From Nov. 1 to Feb. 10. 

From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 10. 
From Nov. 1 to Feb. 16. 
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NOTE VII. 

LIST OF OHAIEMEN AND CLERKS OF SALMON FISHERY DISTRICT 
BOARDS IN SCOTLAND. 



DISTRICT. 



AlnMs, . . . 

Annan, . . . 

Awe, .... 

Ayr, .... 

BM&GlencoiU- 

e«der(MuIl), 

Balgay, . . . 

Berrie, . . . 

Broom, . . . 
Conon, . . . 

Cree, . . . . 
Dee (Aberdeen), 
Dee (Solway), . 
Dereron, . . 
Don, .... 
Doon, . . . 
Esk (North), . 

Esk (South), . 
Findhom, . . 

Forth, . . . 
ObrTttn, . . . 

GmlnATd and 
Little Onil- 
nard, 

Kyle of Suther- 
land, 

Little Broom, . 

Lochy, . . . 

Luaaa (MuU) 
and Rlrer 
from Loch 
Ulsk to Loch 
Bole, 

Nairn, . . . 

Ness 

Nlth,. . . . 

Peanygowan'or 
Olenforsa,* 
and Aros 
(MnU), 



Name and Address of Chairman. 



(3ol. Alex. J. C. Warrand, Ryefleld House, 
Conon Bridge, Dingwall. 

A. Johnstone Douglas, Esq., Ck>mlongan 
Qwtle, Rnthwell. 

The Marouess of Breadalbane, Taymouth 
C^astle, Perthshire. 

Richard A. Oswald, Esq. of Auchln- 
crulre, Ayr. 

The Duke of Argyll, Inreraray Castle, 
Inveraray. 

C. R. Manners, Esq., C.E., 13 Lombard 
Street, Inverness. 

David Scott Porteous, Esq. of Lauriston, 
as mandatoiy of the Ck)nmii88ioner8 of 
Woods and Forests. 

Sir Arthur Gtoorge Ramsay Mackenzie of 
CouL Bart., Ck>ul House, Stra^peffer. 

John Little Mounsey, Esq., w.S., 6 
Thistle Street, Edinburgh, (Commis- 
sioner for Col. J. A. F. H. Stewart 
Mackenxie of Seaforth. 

The Earl of Galloway, Cumloden, Newton- 
Stewart 

The Lord Provost of Aberdeen. 

H. G. Murray Stewart, Esq. of Broughton, 

Gatehouse. 
A. F. Leslie, Esq. of MontcofTer, Banff. 

George Falconer, Esq., as mandatory for 
the Aberdeen Shipmasters' Society. 

Marouls of Ailsa, Culzean Castle, Hay- 
bole. 

The Rev. J. S. More Cordon of Charleton 
and Kinnaber, per (3eorge More Gordon, 
Esq., Charleton, Montrose. 

James Johnston, Esq. , Montrose. 

J. J. Melklejohn, Esq., Novar, Ross- 
shlre, factor for R. C. Munro Ferguson, 
Esq., M.P. 

Mandatory of Commissioners of Woods and 
Forests. 

John Campbell Kennedy, Esq. of Dunure. 

Alfted X. O. Aitken, Ewi., S.S.C., Edln- 
burgh. Factor and Commiiisioner for 
Hugh Mackenzie, Esq., of Dundounell. 

Sir Charles Lockhart Ross, Bart of Bal- 
nagowan. 

Alftred N. G. Aitken, Esq., S.S.C, Kdiu- 
burgh. Factor and Commissioner for 
Hugh Mackenzie, Esq. of Dimdonnell. 

Lord Abinger, Inverlocny Castle, Fort- 
WUllam. 

Murdoch G. Maclaine, Esq. of Lochbuie, 
Mua 



Brodle of Brodle, Brodle (^tle, Forres. 
George Malcolm, Esq., Factor, Inver- 



Name and Addrees of Clerk. 



William J. Duncan, Solicitor, Ding- 
wall. 
John F. Cormack, Solicitor. Lockerbie. 

Alex. BfacArthur, Solicitor, Oban. I 

William Macrorle, Cknnmerdal Bank, i 

Ayr. 
Alex. MacArthur, Solicitor, Oban. I 

Duncan Shaw, W.S., 43 High Street, I 
Inverness. | 

Arthur Dickson, Solicitor, Montrose. 



W. R. T. Mlddleton, Solicitor, Ding- 
wall. 
Edmund J. Gunn, Solicitor, Dhigwall. 



A. B. Matthews, Solicitor, Newton- 
Stewart 
Alex. Duffus, Advocate, Aberdeen. 

W. Nicholson, SherifT-Clerk, Kirkcud- 
bright 
Francis George, Solicitor, Banff. 

Alex. Dufftis, Advocate, Aberdeen. 

W. Macrorie, Solicitor, Ayr. 

Arthur Dickson, Solicitor, Montrose. 



James Don and David G. Shlel, Solici- 
tors, Brechin. 

Wm. Grant, National Bank Buildings, 
Forres. 

Thomas L. Galbralth, Town-Clerk, 

Stirling. 
T. Gerald Tait, Solicitor, Girvan. 

W. R T. Mlddleton, Solicitor, Ding- 
wall. 

John Leslie, Solicitor, Dornoch. 

W. R T. Mlddleton, Solicitor, Ding- 
wall. 

N. B. Mackenzie, Solteltor, Fort- 

William. 
Alex. MacArthur, Solicitor, Oban. 



garry, Fort-Augustus, 
►hn Hen" 



John Henderson, Esq., Solicitor, Dum- 

f»ea. 
Vacant 



H. T. Donaldson, Solicitor, Nairn. 

Wm. Mackay, Solidtor. Inverness. 

C. Steuart Phyn, Procurator-Fiscal, 

Dumfries. 
Alex. MacArthur, Solicitor, Oban. 
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NOTE VII. {continued)— U&T OP Chairmen and Clerks op Salmon Fishery District 

Boards in Scotland. 



DISTRICT. 



S 1 i g achan, 
Broadford, 
and Portree 
(Skye), . . 

Snizort, Orley, 
Oie, and Diy- 
nock (Skye), . 

Spey., . . . 

Stinchar, . . 

Tay, .... 



Torrldou, . . 

Ugle. . . . 

Ythan, . . . 

Tweed (Police 
Committee of 
the Commis- 
sioners), 



Name and Address of Chairuiaii. 



Name and Address of Clerk. 



Kenneth Macdonald, Esq., as mandatory 
for L. Macdonald, Esq., of Skeabost. 



Kenneth Macdonald, E8q.,aa mandatory 
for L. Macdonald, Esq., of Skeabost. 



j The Doke of Richmond and Gordon, 
Gordon Castle, Fochabers. 

; The Earl of Stair, Lochinch, Wlgtown- 

I shire. 

' Shr Robert MoncreUTe of MoncreifTe, Bart, 

I Moncrciffe Honse, Perthshire, aa man* 
«latory for the Hon. F. J. Moncreiff, 
curator bonis of B. B. Balfour Kay, 

I Esq. of Mugdrum. 

I C. E. Manners, li^sq., C.E., 13 Lombard 

! Street, Inverness. 
Lieut. -Col. Ferguson, of Piifour, Mlntlaw. 

Earl of Errol, Slains Castle, Aberdeen- 
shire. 

Sir William Crossman, Cheswick, Beal, 
Northumberland. 



Kenneth Macrae, Sheriff-Clerk, Port- 
ree. 



Kenneth Macme, Sheriff-Clerk, Port- 
roe. 



John Wink and George A. Cooper, 

Solicitors, Elgin. 
Thomas C. Greig, Rephad, Stranraer. 

Mackenzie A Dickson, Solicitors, 
Perth. 



Duncan Shaw, W.S., 42 High Street, 

Inverness. 
Robert Gray, Solicitor, Peterhead. 

D. M. a. Chalmers, Advocate, Aberdeen. 

James and David W. B. Talt, W.S., 
Kelso. 



Not€.—\r\ addition to the districts specified above, the Duke of Sutherland is sole proprietor of the 
districts of the following rivers, viz. :— Helmsdale, Brora, Fleet, Kirkaig, Inver, Laxford, and Inchard 
(under the charge of his factor, Mr Donald M'L.ean, Dunrobln Office, Golspie); and the Halladale, 
Strathy, Naver, Burgle, Kinloch, Hope, Polla or Stratiibeg, and Dionard or Grudie (under the charge 
of his factor, Mr John Box, Tongue) ; and the Countess of Cromartie Is sole proprietrix of the 
district of the river Kennart (under the charge of her factor, Mr William Gunn, Cromartie Estate 
Office, Strathpeffer). 

Fishery Board for Scotland, 

Edinburgh, 8rd Aoril 1899 



Glasgow : Printed by JAS. HEDDERWICK & SONS 
For Her Majesty's Stationery Office. 
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SEVENTEENTH ANNUAL REPORT. 



TO THE RIGHT HONOURABLE 

LORD BALFOUR of BURLEIGH. 

Her Majesty's Secreta/ry for ScoUaml 

Office of Thb Fishery Board 

FOR Scotland, 

Edinburgh, let May 1899. 

My Lord, 

In continuation of our Seventeenth Annual Eeport, we 
have the honour to submit — 

PART III— SCIENTIFIC INVESTKJATIONS. 



GENERAL STATEMENT. 

This part of the Seventeenth Annual Report contains an account 
of the principal scientific investigations conducted by the Board 
during 1898, in connection with the sea fisheries. Besides the 
researches on the life-history and habits of the food fishes, and on the 
invertebrate fauna, the results of which are set forth in this 
Report, a number of other enquiries have been in progress, but are 
not yet completed. Among these may be mentioned the migrations 
of the food fishes, especially of the herring, the life-history of the 
edible crab, and the distribution of spawning fishes and of immature 
fishes in the Firth of Clyde and the Moray Firth. 

A considerable part of the scientific investigations have been 
carried on by means of the " Garland," the small steamer which the 
Board possesses for this work. As explained in previous Reports, 
the scope and the extent of the investigations have been restricted 
for the most part to the territorial waters and to the firths and 
bays, owing to the small size of the " Garland." Her registered 
tonnage is 36*4 tons, her length 84 feet 7 inches between perpen- 
diculars, and her breadth 15 feet, and she is only adapted to carry 
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a 25-feet beam trawl. Were the " Garland " replaced by an efficient 
sea-going vessel, capable of using a large trawl, as recommended by 
the Parliamentary Committee of 1893, it would be possible to con- 
duct the trawling investigations more satisfactorily, and at the same 
time to extend the observations to the important fishing grounds 
lying at some distance from the shore, where the principal spawning 
areas are situated. It is in this direction that we must look in 
future for the greatest advances in the scientific knowledge of the 
problems coimected with the regulation and conservation of the 
sea fisheries. 

The Influence of Trawlinc;. 

The results of the trawling investigations carried on in 1898, 
together with the various Tables embodying thedetailedobservations, 
are given in a special report (p. 17). In the course of the year the 
stations in the Moray Firth and the Firth of Clyde were examined 
in May, June, August, September, October, November, and Decem- 
ber, and the stations in Aberdeen Bay in April and May. The 
work in the latter part of the year was much interrupted by stormy 
weather. So far as the observations go, they show that in the Moray 
Firth the average number of flat-fishes captured in each haul of the 
net increased from 149 in 1897 to 167*7 last year. The increase 
was confined to dabs. Common dabs increased from an average 
per haul of 1002 in the previous year to an average of 120-9. 
Long rough dabs also slightly increased in numbers from an average 
of 188 in 1897 to 19*1 last year. On the other hand, the averages 
for plaice and lemon soles decreased to a slight extent — plaice from 
197 to 18*3, and lemon soles from G'o to si Among round-fishes 
the average per haul for the whole area was 48-8, as compared with 
«32'8 in the previous year, and 494 in 1896. The increase was 
principally in gurnards. 

As explained in previous Keports, the trawling investigations in 
the Moray Fifth have not been carried on for a period sufficiently 
long or on a scale sufficiently extensive to enable conclusions to l>e 
drawn from them with any degree of certainty as to the results of 
the closure of the Firth. The extent of the Firth is great, and the 
number of hauls which have been made at the various stations 
within it is but little over 200, most of which have been made since 
the whole Firth was closed in 1892. 

The special statistics of the fish caught by line fishermen within 
the Moray Firth since 1894 are of considerable interest, especially 
in relation to the abundance of round-fishes in the various years. 
They show the nimiber of " shots " of the line made by the large 
and small boats within the closed waters, the quantities of the 
various kinds of fishes caught in this way, and the average weight 
of the catches for each shot of the line. The following figures indi- 
cate the quantities and the averages per "shot" in each of the 
districts : — 
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18 
Cwt«. 


94. 
Av'rage. 


1895. 
Cwts. Av'rage. 


1896. 


1897. 


1898. 


District 


Cwt8. 


Av'rage. 


Cwte. 


Av'rage. 


Cwts. 


Av'rage. 


Wick, . . 


19,008 


2-47 


23,009 


4-03 


31,556 


5-40 


44,258 


616 


31,383 


6*49 


Lybeter, . 


4,408 


4-91 


3,977 


3-77 


4,241 


2-87 


7,118 


4-22 


4,438 


3-26 


Ilelmiidale, . 


16,82« 


3-52 


16,660 


4 15 


18,360 


471 


17,148 


4-91 


13,143 


3-84 


Cromarty, 


21.346 


3-07 


19,193 


2-93 


15,317 


2-51 


14,736 


2-48 


12,428 


2065 


Findhom, 


60,074 


4*04 


68,761 


4-86 


63,521 


4-46 


46,694 


2-66 


30,770 


2-088 


Buckie, . 


48,540 


4-21 


50,489 


4-66 


57,450 


5-06 


50,067 


4-77 


41,102 


4-24 


Banff. . . 


49,292 


2-94 


76,441 


477 


66,471 


3-82 


61,329 
241,350 


3-70 


36,057 


213 


218,494 


3-06 


258,689 


4 43 


256,916 


4-26 


3-83 


169,321 


3-244 



Comparison of these figures with those given in the ordinary 
statistical Tables published in Part I. of the Annual Report shows 
that by far the greater amount of the line-caught fish landed in 
the Moray Firth districts is taken from the Firth itself. Of a total 
of 207,318 cwts. landed in these districts last year, 169,321 cwts. 
were obtained within the closed waters, and 37,997 cwts. outside 
the Firth. Thus over 80 per cent, was caught within the closed 
area, a proportion almost the same as in the previous year. In 
some of the districts — namely, Lybster, Helmsdale, and Cromarty — 
all the fish landed by line fishermen were captured in the Firth. 

Last year the extent to which line fishing was carried on in the 
Moray Firth was much less than in the previous year, the total 
number of shots of the line having decreased from 62,875 to 52,183, 
a diminution of more than ten thousand, and the lowest since the 
Firth was closed. For the first time also since the Firth was closed 
the number of trips or shots of the large boats exhibited a falling- 
off— namely, from 14,039 in 1897 to 10,330. In 1894 the number 
was 7082, in 1895 7710, in 1896 11,917. The number of trips or 
shots of the small-line boats fell from 48,836 to 41,853 — the lowest 
since 1894. 

With respect to the fluctuations in the quantities of fish taken by 
line in the Moray Firth in the various years, it will be seen from 
the figures in the above Table that the total quantity landed in 1898 
is the lowest in the series, and the average per shot is lower than in 
any year since 1894. The decrease in the quantity as compared 
with 1897 amounted to 72,029 cwts., the diminution of the average 
being from 3*83 cwts. to 3*24 cwts. The decrease in the quantity 
of line-caught fish in 1898 was not peculiar to the Moray Firth, 
but was common to the East Coast and to the whole coast of 
Scotland. In the Moray Firth it was most marked in the Banff 
district, in which the total quantity landed from the closed waters 
in 1898 was 36,057 cwts.,as against 61,329 cwts. in the previous year. 
In the Buckie district the decrease was from 60,067 cwts. to 
41,102 cwts. ; in the Helmsdale and Cromarty districts it was loss 
marked. The average catch per shot of the line fell in all the 
districts except Wick ; in the BanfiF district it was reduced from 
3*7 cwts. in 1897 to 213 cwts. last year. 
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The quantity of all kinds of fish, except saithe, caught by line 
within the closed waters was less last year than in 1897; but the 
decrease was by far the greatest in cod and haddocks, as may be 
seen from the following Table : — 



FISH. 


1894. 


1895. 


1896. 


1897. 


1898. 




Cwts. 


Av'rage. 


Cwts. 


Av'rage. 


Cwts. 


Av'rage. 


Cwts. 


Av'rage. 


Cwts. 


Av'rage. 


Cod . - - 


82,671 


0-62 


47,646 


0-81 


64,663 


1-07 


79,731 


1-26 


66,20^ 


1-07 


Ling - - - 


2,169 


0036 


2,937 


0-005 


3,868 


0-062 


8,544 


0-056 


2,667 


0049 


Torsk - 


25 


0002 


24 


— 


94 


— 


26 


— 


48 


— 


Saithe - 


6,120 


009 


5,083 


0-087 


10,636 


0-17 


11,761 


0-18 


14,881 


0-28 


Haddock - 


153,529 


2-47 


178,870 


8-056 


156,703 


2-6 


126,031 


2-004 


81,098 


1-654 


Whiting - 


5,846 


0-094 


5,114 


0087 


4,836 


0-08 


3,819 


0-052 


1,685 


0'0-29 


Tiirbot- - - 


6 


— 


— 


— 


16 


— 


16 


— 


18 


— 


Halibut 


264 


0-004 


408 


0007 


691 


0011 


707 


0-011 


780 


0-018 


Lemon Sole - 











19 




14 





1 





"Flounder, Plaice, 












V 










and Brill "- 


6,477 


0-088 


6,765 


0-09 


3,402 


0-066 


8,978 


0-063 


3,4-25 


0-066 


Conger 


1,244 


002 


777 


0-013 


8-28 


0-013 


1,583 


0-024 


826 


0'016 


Skate, . 


8,281 


0-053 


3,014 


0-051 


8,683 


0-061 


8,999 


0068 


3,278 


0062 


Other kinds of 






















White Fish - 


7,976 


0-128 


9,466 


0-16 


7,488 


012 


6,663 


0-106 


4,674 


0-087 



The quantity of cod — which had been increasing each year from 
1894 to 1897— fell from 79,731 cwts. in 1897 to 56,208 cwts. in 
1898, a decrease of 23,523 cwts. The average per "shot" also 
fell from 1*26 cwts. to 1*07 cwts. The diminution in the abundance 
of haddocks was even more marked. The quantity landed from the 
Moray Firth in 1897 was 126,031 cwts.; last year it amounted only 
to 81,098 cwts., or nearly 45,000 cwts. less. In 1895 the quantity 
was more than double what it was last year. The fluctuations in 
the abundance of cod and haddocks were common to the other 
districts on the East Coast and were not peculiar to the Moray 
Firth. There was also a diminution in the quantity of flat-fishes 
landed by line fishermen from the closed waters, as well as in the 
quantity of Ung, whitings, and skates. The only fish which showed 
an increase was saithe, the quantity of which has gradually increased 
each year since 1894. 

The trawling investigations in the Firth of Clyde, when compared 
with those of previous years, show that, taking all the stations 
together and all kinds of fish, the average number per haul of the 
net has generally increased over the period comprised, although 
considerable fluctuations occurred in different years. In 1888 the 
general average for the closed area was 109*7 fishes per haul ; in 
1890 it was 99*5 per haul; in 1895 it was 113*4; in 1896 it was 
120-7 ; in 1897, 112*5 ; and last year it rose to 189*3 fishes per haul. 
The rise in the average has been most marked in the flat-fishes, the 
figures for the respective years being 61*2, 61'1, 64*7, 75*5, 84*8, 
and 94*7. The increase was due for the most part to an increased 
abundance of witches and long rough dabs, plaice and lemon soles 
having rather diminished in numbers over the period. But as stated 
in previous Reports, inferences as to changes in the abundance or 
relative proportions of the fishes in the closed area of the Clyde can 
only be provisional, inasmuch as the observations comprise only ten 
series of hauls at the various stations. It will require much more 
extended observations both in the Firth of Clyde and the Moray 
Firth before conclusions can be drawn with any degree of certainty 
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as to the resulte of the closure. In the Firth of Forth and St. 
Andrews Bay it was found, after ten years' investigation, that the 
most important change that occurred in the relative abundance of 
the food fishes in the closed waters was a diminution of the more 
valuable flat-fishes, plaice and lemon soles, which spawn offshore 
and not in the closed waters, and an increase in the comparatively 
worthless dabs, which spawn copiously in the closed waters. The 
figures referring to these species are as follows :— 





No. of 
Hauls. 


Plaice and 

Lemon Soles 

Caught. 


Dabs 
Caught. 


Total. 


1st Period — 
1886-90, 

2nd Period— 
1891-95, 


325 
466 


29,869 
28,044 
57,913 


19,825 
29,483 


49,694 
57,527 


Totals, 


791 


49,308 


107,221 



It will be observed that in the second period of five years, while 
141 more hauls of the trawl were made within the closed waters 
than in the first period, the number of plaice and lemon soles 
caught was less by nearly 2000, and the numl)er of dabs caught 
was greater by nearly 10,000. The same result was found whether 
the whole year was contrasted in the two periods, or the cold 
months against the cold months, or the warm months against the 
warm months. 






Six Cold Months : November— 


April. 


Dabs. 




1 

' Plaice and Lemon Soles. 




No. of 
Hauls. 


No. 
Caught. 


Average ; Por- 
per centage 
Haul. . of Total. 


No. 
Caught. 


Average 
ifful. 


Per- 
centage 
of Total. 


Ist Period- 
1886-90, 

2nd Period— 
1891-95, 


128 
238 


6346 
8735 


1 
49-6 69-3 
36-7 ! 520 


2808 
8066 


21-9 
33-9 


30-7 
48-0 




Six ) 


A^ARM M 


oNTiis : May— Oct 


OBER 







1st Period- 1 
1886-90, 1 

2nd Period— ' 
189195, ! 

1 


197 
228 


1 
23,523 
19,309 


119-4 
84-7 


58-0 
47-4 


17,017 
1 21,417 


86-3 
93-9 


42-0 
52-6 
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It may be noticed from these figures that while ea^jh hundred of 
flat-fishes caught in the closed waters in the colder months consisted 
in the first period of 69 plaice and lemon soles, and 31 dabs, each 
hundred in the corresponding months of the second period consisted 
of 52 plaice and lemon soles, and 48 dabs. In the wanner months 
of the first period each hundred consisted of 58 plaice and lemon 
soles, and 42 dabs ; while each hundred in the same months of the 
second period consisted of 47 plaice and lemon soles, and 53 dabs. 
The inshore-spawning dabs, therefore, to a very large extent 
supplanted the offshore-spawning plaice and lemon soles in the 
closed waters. A more detailed analysis (pp. 25, 26) shows that 
these changes were common to each of the individual species, 
plaice, lemon soles, common dabs, and long rough dabs, and that 
they occurred in nearly every month in the year, when the 
months of the two quinquennial periods are contrasted. 

The Hatching and Bearing of Food Fishes. 



The operations at the Marine Hatchery at Dunbar last year 
consisted in the hatching of the fertilised eggs of plaice, the same 
methods as in previous years being employed. Adult plaice, to 
serve as spawners for the supply of eggs, were procured by the 
'* Garland " from trawlers in February and March, a little over 700 
males and females being thus obtained. Owing to the method of 
capture a considerable number of the fishes exhibited the charac- 
teristic features which have been described in previous Eeports, and 
many of them subsequently succumbed to the injuries they had 
received. 

The collection of fertilised eggs from the spawning pond com- 
menced on 15th February and continued until 7th May, when 
altogether 21,510,000 had been procured and placed in the 
hatching apparatus. The largest nimibers were obtained at the end 
of March and the beginning of April. The number of fry success- 
fully hatched was 19,200,000, which were transferred to Loch Fyne 
at various dates between Ist April and 20th May, and liberated in 
the upper loch, principally off Inveraray. 

The numbers of fry of the various species of marine food fishes 
which have been hatched at the establishment since the work was 
commenced are as follows : — * 





Plaice. 


Cod. 


Lemon Soles. 


Turbot. 


others. 


Total. 


1894 


26,060,000 


500,000 








26,560,000 


1895 


38,615,000 


2,760,000 


4,145,000 


3,800,000 


1,050,000 


50,370,000 


1896 


11,35 ),000 


750,000 


1,580,000 


1,360,000 


950,000 


15,990,000 


1897 


24,370,000 








... 


24,370,000 


1898 


19,200,000 










19 200,000 




119,595,000 


4,010,000 


5,725,000 


5,160,000 


2,000,000 


136,490,000 
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As has been pointed out in preceding Eeports, the hatching 
work at Dunbar has been much impeded and restricted from the 
absence of a large sea-water enclosure in which the adult fishes to 
be used as spawners could be gradually collected and retained 
from one season to another, instead of requiring to be obtained 
from trawlers at the beginning of each season. With the object of 
obtaining this facility it was decided to remove the hatchery, as 
explained in last year's Report, to the Bay of Nigg, near Aberdeen, 
where a suitable site for the purpose was obtained from the Town 
Council of Aberdeen. The construction of a large concrete tank, 
ninety feet in length by thirty-five feet in breadth, and with an 
average depth of seven and a half feet, was begun at the new site 
in the spring of the year, the object being to have the tank sunk 
sufficiently deep in the ground adjoining the beach as to have a 
mean depth within it of four feet of water at high-water of 
ordinary neap tides. It was, however, foimd necessary to suspend 
the construction of the tank in September, and to continue the 
hatchery at Dunbar for another season. When the concrete 
tank is completed during the ensuing year, the hatching house at 
Dunbar, with the apparatus, pumps, and plant will be removed to 
the new site, and the necessary supply of sea-water will also then 
be available for the Marine Laboratory which was erected on the 
site last autumn, and whose equipment has for the same reason 
been delayed. 



The Pelagic Fish Eggs and Larval and Post-Larval 
Fishes of Loch Fyne. 

In the present Report will be found a paper by Mr. H. C. 
Williamson describing the results of an investigation into the 
occurrence and abundance of the pelagic eggs of fishes and the 
young fishes in Loch Fyne. Tow-net collections were made once a 
month from January to August at five localities in the upper and 
lower lochs at various depths from the surface to fifteen fathoms. 
The pelagic eggs of about thirty species were procured, principally 
in March, April, May, and June, including those of the common 
food fishes, and the spawning period of most of these has been 
deduced from the presence or absence of the eggs in the monthly 
collections. The degree of development of the various eggs was 
ascertained, and calculations are made to indicate in an approximate 
manner the numbers of pelagic fish eggs floating in the waters of 
Loch Fyne during the first eight months of the year. 

Nearly three thousand larval and post-larval fishes were taken in 
the tow-nets, most of them belonging to species with demersal eggs, 
such as the gobies and the bimaculated sucker. Among them are 
forms which have been identified as the young of the mackerel. 
The abundance of the pelagic invertebrate fauna, especially the 
Copepoda, which constitute a considerable part of the food of the 
herring in Loch Fyne, was also determined in the various months. 
The paper is swicompanied by a number of Tables and by five Charts 
and Plates. 
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The Invertebrate Fauna of the Inland Waters of Scotland. 

For a few years past investigations have been carried on by Mr. 
Thomas Scott, F.L.S., on the invertebrate fauna of a number of 
Scottish lochs, and in the present Report the results are given of 
the investigation of a number of them, including Loch Lomond, 
Loch Arklet, Loch Katrine, Loch Achray, Loch Leven, Loch Doon, 
and Lochs Ness, Oich, and Lochy. One object of the enquiry was 
to ascertain the effect produced on the invertebrate fauna by the 
changes incident to the different seasons of the year, and the 
examination of each loch was made at intervals, the temperature 
and other physical conditions being also noted. The number of 
species obtained was 132, of which 115 l>elong to the Crustacea 
and 17 to the MoUusca ; and the invertebrate fauna of some of the 
lochs, «w Loch Lomond, Loch Leven, Loch Doon, and Loch Achray, 
W8W found to be much richer in species than others. Notes are 
appended on the seasonal distribution of the organisms in each 
loch, on the local distribution of certain species, and on the varia- 
tions in the forms of Daphnia. 

In another paper Mr. Scott describes the collections of micro- 
crustacea obtained from the Firth of Clyde and the Moray Firth, 
including a number of new species and two new genera of 
Copepoda. The paper is illustrated by a series of drawings. 

The Migratory Movements and Rate of Growth of the 
Common Gurnard. 

In a paper on this subject, by Dr. T. Wemyss Fulton, it is shown 
that the gurnard is practically absent from the inshore waters of 
the Firth of Forth and St. Andrews Bay during the winter months. 
When the temperature of the bottom water inshore begins to fall 
in the autumn the gurnards migrate to the offshore grounds in the 
open sea, where the temperature is higher, and where they pass 
the winter. When the temperature inshore begins again to rise, 
usually al)out the end of March, gurnards reappear at the mouth of 
the Firth of Forth ; in April, with a slightly higher temperature, 
the influx is considerable, and it reaches its maximum in May. It 
is shown that the initial shoals are composed almost entirely o 
adult gurnards, and that the migratory movement towards the 
inshore waters is primarily associated with reproduction. Later, 
immature and young gurnards move in in great numbers, and these 
immature forms are the first to leave in autimm. This movement 
appears to be dependent on the changes in the temperature of the 
bottom water. On the other hand, in the deeper waters of the 
Clyde and the Moray Firth, where the winter temperature is much 
higher than in the Firth of Forth or St. Andrews Bay, gurnards 
may be found all the year round. Tables and Diagrams are given 
showing the proportions of adult and immature gurnards in the 
various months, and the relations between the migratory move- 
ments, the spawning period, and the changes in the temperature of 
the water, 
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Seine-Net Fishing for Herrings. 

The alleged injurious action of the seine-net in the herring fishing 
has been for some time under mvestigation with the view of ascer- 
taining whether the two principal objections urged against this 
mode of fishing — namely, the wasteful destruction of the herring 
spawn deposited on the bottom, and of immature herrings — are well 
founded. For several years, as stated in previous Eeports, arrange- 
ments were made to conduct an investigation on the former point 
at the well-known spawning groimd, Ballantrae Bank, off the coast 
of Ayrshire, but, owing to the very poor fishing, seine-net boats 
scarcely took part in it. In the spring of this year the herrings re- 
appeared on the bank in considerable numbers, and a few seine-net 
boats for a short time took part in the fisliing. So far as the 
limited opportunity offered, no evidence was found to prove that 
the seine-net caused wasteful destruction of the spawn deposited 
on the bottom. On the other hand, a considerable proportion of 
small herrings were captured, much more than by the trammel- 
nets. In Loch Fyne the capture of immature herrings by the seine- 
net was investigated during the last two seasons, very numerous 
catches being examined at various periods and parts of the loch. 
While it was found that in many cases the proportion of small 
herrings taken was considerable, and that occasionally quite 
immature herrings may be destroyed by this mode of fishing, the 
evidence does not point to the destruction being unnecessarily 
wasteful or injurious to the permanence of the supply of herrings 
in the loch. Such results are incident to all modes of fishing ; 
and the almost unprecedented abundance of herrings in Loch Fyne 
during the last two seasons shows that the operation of the seine- 
net in past ye^rs has not had the injurious effects on the permanence 
of the supply that have sometimes been attributed to it. 



The Rate of Growth of Plaice. 

In the present Report Mr. H. Dannevig describes the results of 
an enquiry into the rate of growth of the plaice, based upon 
measurements of a large number of specimens of different sizes 
captured at various periods of the year. It is shown that the 
average growth of the plaice is about three inches each year, so 
that at the end of the first year it attains a length of three inches, 
in the second year an average length of six and a quarter inches, 
and in the third year a length of nine and a quarter inches. It 
was also found that growth is practically arrested during the winter 
months, the fishes increasing in size chiefly from May to October. 



On the Natural History of the Herring. 

In the present Report Mr. Kyle gives an account of the pro- 
longed and laborious inve8ti8:ations of Professor Heincke, of the 
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Biological Institute, Heligoland, into the natural history of the 
hen-ing, and especially into the question of the races and varieties 
of the henings which frequent the seas of Western Europe. 
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SCIENTIFIC REPORTS. 



I. REPORT ON THE TRAWLING EXPERIMENTS OF THE 
"GARLAND/^ AND ON THE FISHERY STATISTICS 
RELATING THERETO. (PLATE L) 

INTRODUCTORY. 



During the year trawling operations of the " Garland " were conducted 
in the Moray Firth, the Firth of Clyde, and Aberdeen Bay. The number 
of hauls of the trawl made in these areas was 130, of which 56 were 
made in the Moray Firth in May, June, October, and November ; 66 in 
the Firth of Clyde and Loch Fyne in August, September, and December ; 
and 8 in Aberdeen Bay in April and May. The work at each station 
consists in (1) trawling along a selected line for a specified distance, all 
the fish caught being enumerated, measured, and recorded ; (2) observa- 
tions on the temperature, salinity, and transparency of the water, on 
the condition of the weather, <fec. ; (3) the determination of the invertebrate 
fauna caught in the trawl-net ; (4) the determination of the pelagic fauna 
floating in the water. The Tables relating to the chief of these investiga- 
tions will be found appended to this Report. In addition, special 
observations were made on the occurrence and distribution of pelagic fish 
eggs and larvae in Loch Fyne, and on the distribution of immature and 
spawning fishes. 

The " Garland " was also employed in the spring in procuring adult 
plaice for the sea-fish hatchery at Dunbar, and in connection with 
enquiries into the herring fishing in Loch Fyne. 

The fishery statistics which have been collected in the districts of the 
Moray Firth in connection with the trawling experiments there, and 
which show the quantities of the various kinds of fish caught by line 
fishermen within the closed waters in each month of the year and for 
the whole year, are appended to this Report, and are discussed below. 
These statistics were collected by the Fishery Ofiicers of the respective 
districts, or by their correspondents. The trawling records were made 
by Mr. F. G. Pearcoy, the naturalist on board the " Gktrland." 
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1. The Trawling Investigations in the Moray Firth. 

The means taken to ascertain the influence of the closure of the 
Moray Firth to beam trawlers with respect to the abundance of the food 
fishes within it have consisted, first, of trawling observations of the 
" Garland " at the sixteen stations, offshore and inshore ; and, secondly, 
the collection of special statistics around the coast of the firth to show 
the quantities of fish caught within the closed area by line fishermen 
in each month of the year, and the number of "shots" of the lines by 
v.hich these fishes were captured. During last year the trawling 
investigations were made in May, June, October, and November. The 
work in the latter months was much interrupted by stormy weather, 
many of the stations lying at a considerable distance from shore, where 
ibe "Garland" requires fairly settled weather in order to be able to 
carry on the work. The details of the various hauls will be found in the 
Tables appended (Table C, A.). 

The average numbers of the various kinds of flat-fishes caught per haul 
of the net are as follows : — 



Station. 


Plaice. 


Lemou 
Soles. 


Witches. 


Common 
Dab. 


L. Rough 
Dab. 


Turbot. 


Brill. 


Total. 


1 


25-3 


0-3 




124-0 








149-7 


2 


110 


2-3 


2-3 


17-4 


5-0 






38-0 


3 


23-3 


4-0 




4-3 








31-7 


4 


97-3 


1-0 




264-3 








362-7 


5 


37-7 


3-3 


*0-3 


188-7 


3-0 1 ... 




283-0 


6 


36-7 


1-0 




116-3 




0-3 




154-3 


7 




50 


3-0 


123-0 


24-3 






155-8 


8 


i-3 


5-0 


13-7 


243-0 


48-0 






811-0 


9 


1-7 


50 


28-7 


227-7 


52-7 




... 


315-7 


10 


20 


12-7 


4-3 


111-7 


61-7 






192-3 


11 


3-5 


9-0 




98-0 


1-6 






1120 


12 


4-5 


12-0 


... 


57-5 








74-0 


13 


100 


10-5 




24-0 




0-5 




45-0 


14 


6-5 


16-5 




31-5 


8-5 




in) 


64-0 


15 


4-5 


10-0 




100-0 


6-5 




... 


121-0 


16 


... 


... 


1^ 


96-5 


92-5 




... 


190-0 



When compared with the hauls made in June and November in the 
previous year, these figures show that the average for flat-fishes in the 
closed waters generally rose from 149*0 to 167*7 per haul. The increase 
was confined to dabs. Common dabs increased from an average per haul 
of 100-2 in 1897 to an average of 120*9 in 1898. Long rough dabs 
increased from an average per haul of 18*8 to 19*1. The average per 
haul of plaice declined from 19*7 to 18*3, and the average of lemon soles 
from 6*3 to 5*4. Witches also showed a trifling decline — viz., from 4 to 
3*8. Among round-fishes the average per haul for the whole area was 
48*8, as compared with 32*8 in the preceding year, the increase being 
principally in gurnards. The trawling investigations of the " Garland " 
in the closed waters of the Moray Firth are not yet sufficient in amount 
or in time to enable any definite conclusion to be drawn as to the results 
of the closure. 

The specid statistics of the fish caught by line fishermen in the closed 
area of the Moray Firth, and landed on the contiguous coasts, have been 
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collected for the post five years. The total quantities and the average per 
" shot " of the line for each year in the various districts are as follows : — 





18M. 


1895. 


1896. 


1897. 


1898. 1 


District 






















Cwto. 


Average. 


Owta. 


Average. 


Cwts 


Average 


Cwte. 


Average. 


Cwts. 


Average. 


Wick. . . 


19,006 


2-47 


28,009 


4-03 


31,556 


5-40 


44,258 


6-16 


31,383 


6-49 


Lyb«t€r, - 
HelmsfUle. • 


4.408 


4-91 


3,977 


3-77 


4.241 


2-87 


7.118 


4-22 


4,438 


3-26 


15.826 


3-52 


16,660 


415 


18,360 


4-71 


17,148 


4-93 


13,143 


3*84 


Gromartj, 


21,346 


3-07 


19,193 


2-93 


16,817 


2-51 


14,736 


2-48 


12,428 


2065 


Findhorn, 


60,074 


4-04 


68,761 


4-86 


63.521 


4-46 


46,694 


2-66 


30,770 


2088 


Buckie. . . 


48,540 


4-21 


50,489 


4-66 


57,450 


605 


50,067 


4-77 


41,102 


4-24 


BAIlff. 

TotaU - 


49,292 


2-94 


76 491 


4-77 


66,471 


3-82 


61,329 


3-70 


86,057 


213 


218.494 


3-06 


258,589 


4-43 


256,916 


4-26 


241,350 


3-83 


169,321 


3-244 



These figures refer exclusively to the quantities of fish caught by line 
in the closed waters of the Moray Firth, and it is interesting to compare 
them with the total quantities of the same kinds of fish landed in each 
district, and caught by line both without and within the closed area. 
Thus, excluding herrings, sprats, and mackerel, which are not com- 
prised in the special statistics referred to, the total quantities, in cwts., 
of white fish landed in .each district in 1898 were as follows, the gross 
quantity amounting to 207,318 cwts. : — 



Wick. Lybster. 
67,791. 4,438. 



Helmsdale. 
13,143. 



Cromarty. Findhorn. 
12,428. 30,857. 



Buckie. Banff. 
42,092. 36,569. 



When these totals are compared with those given in the Table, it 
will be seen that a very large proportion of the line-caught fish landed 
in those districts were obtained from the Moray Firth — namely, 169,321 
cwts. out of a total of 207,318 cwts. In three of the seven districts 
comprising the coasts of the Moray Firth — namely, Lybster, Helmsdale, 
and Cromarty — all the fish which were landed were captured within 
the closed waters. In the other districts the proportion of such fish 
is very considerable. Thus, in the Banff district only 512 cwts. of the 
36,569 cwts. landed were caught beyond the limits of the firth. In the 
Findhorn district, of 30,857 cwts. landed, all but 87 cwts. were obtained 
from the Moray Firth. Of 42,092 cwts. landed in the Buckie district, 
41,102 cwts. were caught in the Moray Firth. In the Wick district, 
which comprises only a small part of the coast of the Moray Firth, 
nearly half of the fish landed were obtained from the closed waters — 
namely, 31,383 cwts. out of a total quantity of 67,791 cwts. 

With respect to the fluctuations in the quantities captured by line in 
the Moray Firth in the various years, it will be noticed from the Table 
that the groes quantity taken in 1898 is less than in any of the 
previous years, and that the average catch per " shot " of the lines is 
also smaller than in any year since 1894. The decrease in the quantity 
last year, as compared with 1897, amountea to no less than 72,029 cwts.; 
as compared with 1896, the figures show a falling-off to the extent of 
87,595 cwts., while it is lessby 89,268 cwts. than the quantity landed 
in 1895. The average catch per "shot" fell from 4*43 cwts. in 1895, 
4-26 cwts. in 1896, and 3*83 cwts. in 1897, to 3*244 cwts. in 1898. It 
might be supposed that this large diminution in the quantity of fiah 
caught by line in the Moray Firth during the last year or two was owing 
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to special causes, such as the operation of foreign trawlers which have 
been working there, sometimes in considerable numbers; and it is 
probable that this conclusion would be to some extent true. But an 
examination of the statistics of the fish caught by line on the whole of 
the East Coast, and, indeed, around the whole coast of Scotland, shows 
that the falling-off has not been peculiar to the Moray Firth, but was 
general. Thus, while in 1897 the total quantity of line-caught fish 
landed on the East Coast amounted to 959,566 cwts., it was only 
686,694 cwts. last year—a decrease of 272,872 cwts. The figures for 
the whole coast of Scotland are 1,416,237 cwts. for 1897 and 1,058,993 
cwts. for 1898. The diminution referred to was common to all the 
districts around the Moray Firth, but in dififerent degrees. It was most 
marked in the Banff district, in which the total quantity landed from the 
closed waters amounted to 36,057 cwts., as compared with 61,329 cwts. 
in the previous year. In Lybster district the tot^l fell from 7,118 cwts. 
in 1897 to 4438 cwts. in 1898; in the Buckie district the decrease was 
from 50,067 cwts. in the former year to 41,102 cwts. in the latter; in 
the Helmsdale and Cromarty districts the diminution was less marked. 
The diminution in the average catch per "shot" was also shared among 
the several districts, with one exception — namely, Wick, where a slight 
rise is indicated, although the total quantity was less. In the Banff 
district the average catch per " shot " fell from 3*7 cwts. in 1897 to 2*13 
cwts. last year. 

With respect to the various kinds of fish caught by line within the 
closed waters of the Moray Firth, the quantities and the average catch 
per "shot" of the line for each of the five years are given in the 
following Table : — 



FISH. 


1894. 


1895. 


1896. 


1897. 


1898. 




Cwts. 


Av'rage. 


Cwts. 


Av'rage. 


Cwts. 


Av'rage. 


Cwts. 


Av'rage. 


Cwts. 


AVrage. 


Cod .... 


32,571 


0-52 


47,646 


0-81 


G4,663 


1-07 


79,731 


1-26 


66,208 


107 


Ung .... 


2,169 


0-035 


2,937 


0-005 


3,868 


0-062 


3,544 


0-056 


2,567 


0-049 


Torek .... 


25 


0-002 


24 


— 


94 


— 


26 


— 


43 


— 


Saithe .... 


6,120 


0-09 


6,083 


0-087 


10,636 


0-17 


11,761 


0-18 


14,881 


0-2S 


Haddock .... 


153,629 


2-47 


178,370 


3-056 


156,703 


2-6 


126,031 


2-004 


81,096 


1-554 


Whiting - 


5,845 


0-094 


5,114 


0-087 


4,836 


0-08 


3,319 


0-052 


1,635 


0-029 


Turbot .... 


5 


— 


— 


— 


15 


— 


16 


— 


13 





Halibut .... 


254 


0-004 


403 


0-007 


691 


0-011 


707 


0-011 


730 


0-013 


Lemon Sole 


- 


— 


— 


— 


19 


— 


14 





1 




• Flounder, Plaice, and Brill '* 


5,477 


0-088 


5,765 


0-09 


3,402 


0-056 


3,978 


0-063 


3,425 


0065 


Conger .... 


1,244 


0-02 


777 


0018 


823 


0-013 


1,633 


0-024 


826 


0-015 


Skates .... 


3,281 


0063 


3,014 


0-051 


3,683 


0-061 


3,999 


0-063 


3,273 


0-062 


Other kinds of WTiitc Fish 


7,976 


0-128 


9,456 


0-16 


7,483 


0-12 


6,663 


0-105 


4,574 


0-087 



* The fish included under this head comprise, for the most part, plaice and dabs. 

It is obvious from this Table that the great bulk of the fish caught by 
line within the whole area consists of cod and haddock, which together 
make up about four-fifths of the quantity landed last year. As in previ- 
ous years, the greater proportion of haddocks was taken on the south 
coast, and landed in the districts of Banff, Buckie, and Findhom; in the 
districts of Wick, Lybster, and Helmsdale the quantity of cod exceeded 
the quantity of haddocks. Ling, conger, torsk, and halibut were caught 
in comparatively small quantities. 

It is to be noted that the quantity of flat-fishes caught by line in 
the Moray Firth is small. Last year the total weight of the halibut, 
turbot, plaice, flounders, and all other varieties, did not exceed 4169 cwts. 
Only 13 cwts. of turbot and 1 cwt. of lemon soles were obtained, the 
quantity, of halibut was 730 cwts., while 3425 cwts. of "flounders, plaice, 
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and brill" — which consisted chiefljof plaice and dabs — were taken. The 
quantities of flat-fishes landed in each of the years and the percentages of 
ihe total are as follows : — 



Cwts. 
Percentage of Total 
Catch, 



1894. 
5736 


1895. 


1896. 


1897. 


6170 


4127 


4715 


2-6 


2-3 


1-6 


1-9 



1898. 

4169 
2-5 



It will be noticed that although the total quantity slightly diminished 
in 1898, the percentage was increased ; in other words, the diminution 
of flat-fishes was less marked than the diminution of round-fishes. The 
quantity of turbot, lemon soles, and "flounders, plaice, and brill," decreased 
as compared with the previous year, while there was a slight increase in 
the take of halibut. 

Turning to the figures referring to the round-fishes, it will be seen 
that, with the exception of saithe, all kinds were caught last year in 
diminished numbers. The decrease in cod and in haddocks is especially 
noteworthy. The quantity of cod — which had been increasing each 
year from 1894 to 1897— fell in 1898 to 56,208 cwts., as compared with 
79,731 cwts. in the previous year — a decrease of 23,523 cwts. The 
falling-off', which was common to all the districts except Cromarty, where 
a slight increase took place, was most marked in the Wick district, the 
total there declining from 29,871 cwts. to 15,633 cwts., or little more 
than half. The average weight of cod taken per " shot " of the lines 
also diminished in most districts, but not in all. The averages for each 
district in each of the years are as follows : — 



District. 


1894. 


1895. 


1896. 


1897. 


1898. 


Wick, - 


0-99 


1-83 


3-22 


4-16 


3-23 


Lybster, - 


1-92 


1-^9 


1-71 


2-47 


1-89 


Helmsdale, 


0-75 


1-31 


2 01 


2-39 


1-90 


Cromarty, 


0-59 


0-617 


0-74 


0-61 


0-63 


Findhorn, 


0-48 


0-75 


0-85 


0-52 


0-55 


Buckie, - 


0-55 


10 


1-3 


1-68 


1-34 


Banff, - 


013 


0-2 


0-22 


0-41 


0-53 



The diminution in the quantity of haddocks landed from the Moray 
Firth is still more striking ; the figures indeed show how great are the 
fluctuations in the abundance of this fish from year to year. In 1894 
the quantity of haddocks caught by line in the closed waters was 
163,529 cwts. ; in 1895 it rose to 178,370 cwts., and since then it has 
progressively declined to 156,703 cwts. in 1896, to 126,031 cwts. in 
1897, and to 81,098 cwts. last year, or to less than half the quantity 
landed in 1895. The decrease last year as compared with the previous 
year amounted to nearly 45,000 cwts., and it was common to all the 
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districts, being, however, most marked in the districts of Banff, Findhorn, 
and Buckie. The quantity landed at Banff fell from 46,782 cwts. to 
23,637 cwts. ; at Findhorn the decrease was from 33,860 cwts. to 
19,772 cwts. The average pep "shot" also fell from 2-0 cwts. in 1897 
to 1 '55 cwts. last year ; and the diminution of the average was also 
common to all the districts except Wick, where a slight increase was 
experienced. The figures are as follows : — 



District. 


1894. 


1895. 


1896. 


1897 


1898. 


Wick, - 


0-54 


0-508 


0-22 


019 


0-27 


Lybstei, - 


1-63 


1-29 


0-69 


1028 


0-77 


Helmsdale. 


216 


211 


2-2 


1-59 


1-33 


Cromarty, 


2-18 


1-96 


1-51 


1-54 


1-10 


Findhorn, 


3-31 


3-73 


3-32 


1-92 


1-34 


Bnckie, - 


3-178 


319 


316 


2-62 


2-49 


Banff, - 


2-47 


4-07 


3-06 


2-82 


1-93 



The next most abundant line-caught fish is the saithe or coal-fish, and 
it occupies a peculiar position in the returns, inasmuch as it is the only 
round-fish which shows a substantial increase in the quantity caught in 
1898, compared with the previous years. In 1894 the quantity taken 
from the closed waters by line fishermen was 6120 cwts. ; in the following 
year the total was 5083 cwts., since which period there has been a 
gradual rise to 10,636 cwts. in 1896, 11,761 cwts. in 1897, and to 14,881 
cwts. in 1898. The average weight caught per "shot" has also increased 
from 0-08 cwt. in 1895 to 0*17 cwt. in 1896, 018 cwt. in 1897, and 
to 0*28 cwt. last year. The quantity of saithe has therefore increased 
just as haddock has diminished. Comparatively few saithe are caught by 
the trawl. There was a general increase in the quantity caught by line 
last year around the coast. 

During the five years there has been a continual decrease in the quantity 
of whitings captured in the closed waters, and likewise a continuous 
decrease in the average per "shot" of the line. In 1894 the quantity 
amounted to 5845 cwts., and the average per " shot " to 0*09 cwt. Last 
year the weight landed had fallen to 1535 cwts., and the average to 
0-029 cwt. ; in 1897 they were, respectively, 3319 cwts. and 0*052 cwt. 
The decrease was common to all the districts. 

The quantity of conger landed in 1898 was somewhat less than in the 
previous year, as was also the average per " shot." There was also a 
diminution in the total quantity of skates lauded, but the average 
quantity caught per "shot" of the lines remained about the same as in the 
previous year; the figures for the two years are respectively 3999 cwts. and 
3273 cwts., and the average 0*063 and 0062. Of " other kinds of white 
fish " caught by line, besides those specially mentioned in the Tables, the 
falling-off in quantity amounted to over 2000 cwts., and the average per 
"shot" likewise fell from 0*105 cwt. to 0*087 cwt. 

When we compare the fluctuations in the quantities of the fish 
caught by line in the Moray Firth with the statistics referring to the 
whole East Coast, and the whole of Scotland, we find that the decrease 
has been general. It has been shown that in the Moray Firth the 
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diminution was for the most part in haddocks and cod ; so also there was 
a very large decrease in the quantities of these fishes landed elsewhere in 
Scotland. The quantity of cod landed on the East Coast of Scotland 
amounted in 1897 to 304,303 cwts., while last year it reached only 
263,838 cwts., or a falling-off of 40,465 cwts. The corresponding 
quantities for the whole of Scotland were 461,339 cwts. and 390,589 
cwts., a decrease of over 70,000 cwts. So also with haddocks — ^in 1897 
456,062 cwts. of haddocks were landed on the East Coast, as compared 
with 240,306 cwts. last year; on the whole coast of Scotland 515,927 
cwts. were landed in 1897, while in 1898 the quantity did not gross 
more than 287,120 cwts., or not very much more than half of the total in 
the preceding year. The same observation applies to the other species 
enumerated in the statistics ; that is to say, whore a falling-off occurred 
in the Moray Firth — uf ling, whitings, conger, halibut, skate, and " other 
kinds of white fish " — it also occurred at other parts of the coast. In 
like manner, the increase in the quantity of saithe caught in the Moray 
Firth was associated with an increased catch of that fish at other parts of 
the coast : the quantity landed on the East Coast in 1897 was 33,448 
cwts., while last year it rose to 39,981 cwts. It is thus evident that the 
fluctuations in the quantities of fish taken in the Moray Firth last year 
were not due to causes peculiar to that area, since similar fluctuations 
were common to the whole coast. 

If we now consider the operations of the boats which prosecuted line- 
fishing in the Moray Firth, we shall find that there has been a very con- 
siderable faUing-off in the number of " shots '' or visits to the fishing 
grounds. The figures for each district are given in the following Table : — 



Year. 


Wick. 


Lybster. 


Helmsdale. 


Cron 


uirty. 


Fiiidhom. 


Buckie. 


Banff. 


1, ^ 


^ 


(^ 


& 


i 


t 


i 


1 


& 


1' 




^ 
w 




S 


<§ 


a 


a 


^ 


5 


1 


^ 


xn 


3 


*A 


1894 


896 


7,295 


122 


876 


199 


4,288 


83 


6,871 


3,132 


10,544 


2,422 


9,104 


828 


15,888 


1895 


J,A68 


4,155 


90 


965 


366 


3,614 


12 


6,561 


2,653 


11,481 


1,929 


8,907 


1,107 


14,930 


1896 


2,774 


3,068 


208 


1,266 


368 


3,535 


la 


6,078 


:J.772 


10,450 


2,936 


8,420 


1,850 


15,534 


1897 


8,911 


8,266 


264 


1,410 


466 


3,010 


3 


5,918 


4,738 


12,810 


2,537 


7,943 


2,120 


14,449 


1898 


1,918 


2,846 


148 


1,211 


448 


2,971 


2 


6,015 


4,148 


10,577 


1,958 


7,727 


1,708 


10,506 



It will be observed that the total number of "shots" made in each 
district was considerably less in 1898 than in the preceding year. In all 
the dbtricts except Cromarty — in which a slight increase occurred — the 
number of "shots" of the small-Une boats diminished ; and in each dis- 
trict the number of " shots " of the great-line boats was also less than in 
1897. The total number of "shots" of the line made in the closed 
waters last year was 52,183, as compared with a total of 62,875 in 
1897, or a decline of more than 10,000; the "shots" made by 
the great-line boats were 3709 and those made by the small boats were 
6983 less than in the year before. 

2. The Firth of Clyde. 

During last year the stations in the Firth of Clyde were examined 
twice in August and September and in December. The stations in 
Loch Fyne (XIII. — XVII.) were trawled in August and December, and a 
number of hauls were made along selected lines to determine the distri- 
bution of spawning fi.<!h and of immature fish at various parts of the closed 
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waters. The results of these various hauls will be found in the Tables 
appended to this Report. 

Comparison of the results obtained in the various years in which 
trawling investigations were made in the Firth of Clyde shows that, 
taking all the stations together and all kinds of fish, the average number 
per haul of the net has generally increased over the period comprised, 
although considerable fluctuations occurred in diflFeront years. In 1888 
the general average for the closed area was 109*7 per haul ; in 1890 it 
was 99-5 per haul ; in 1895 it was 113*4; in 1896 it was 120*7; in 
1897, 112*5, and last year the average rose to 189*3 per haul. The 
averages for the two groups of flat-fishes and round-fishes show that the 
rise in flat-fishes has been fairly steady. The averages are as follows : — 



1888. 


1890. 


1895. 


1896. 


1897. 


61-2 


Gil 


64-7 


75-5 


84-8 


44-7 


351 


43-6 


351 


27-8 



1898. 



Fiat-Fishes, 
Round-Fishes, 



94*7 
49*9 



An examination of the statistics relating to the different kinds of 
flat-fishes captured shows that the increase of flat-fishes over the period 
has been due to an increase in witches and long rough dabs ; the aver- 
ages for plaice and lemon soles, neither of which are abundant in the 
area, have, on the whole, somewhat diminished. The figures are as 
follow : — 





1888. 


1890. 


1895. 


1896. 


1897. 


1898. 


Plaice, - - - - 


5-3 


3-4 


2-3 


2-1 


2-5 


30 


Lemon Soles, 


7*4 


5-6 


2-8 


7-2 


5-3 


4-1 


Witches, 


12*7 


19-7 


25-7 


35-9 


471 


36-5 


Common Dabs, 


23*8 


13-8 


140 


15-7 


12-7 


13-6 


Long Rough Dabs, 


5*3 


17-7 


200 


151 


16-8 


37-3 



But, as stated in previous Reports, inferences as to changes in the 
abundance or relative proportions of the fishes in the closed area of the 
Clyde must be provisional, inasmuch as the observations comprise only 
ten series of hauls at the various stations. It will require much more 
extended observations both in the Firth of Clyde and in the Moray Firth 
before conclusions can be drawn with any degree of certainty as to the 
results of the closure. In the Firth of Forth and St. Andrews Bay it 
was found, after ten years' investigation, that the most important change 
that occurred in the relative abundance of the food fishes in the closed waters 
was a diminution of the more valuable flat-fishes, plaice and lemon soles, 
which spawn ofl^shore and not in the closed waters, and an increase in 
the comparatively worthless dabs, which spawn copiously in the closed 
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waters ; and the figures referring to these species are considerable, as 
shown in the accompanying Table : — 





No. of 
Hauls. 


Plaice and 

Lemon Soles 

Caught. 


Dabs 
Caught. 


Total. 


Ist Period— 

1886-90, - 
2nd Period— 

1891-95, - 


325 
466 


29,869 
28,044 


19,825 
29,483 


49,694 
57,527 




791 


57,913 


49,308 


107,221 



It will be observed that in the second period, while 141 more hauls of 
the trawl were made within the closed waters than in the first period, 
the number of plaice and lemon soles caught was less by licarly 2000, and 
the number of dabs caught was greater by nearly 10,000. The same result 
was found whether the whole year was contrasted in the two periods, 
or^the cold months against the cold months, or the warm months against 
the warm months. 





Six Cold Months: Novembhp 


.—April 


!• 






Plaice and Lemon Soles. Dabs. 




No. of 
HanlM. 


No. 
Caught. 


Average 
Haul. 


^^r No. 

o7t^l ^'-^ht. 


Average 

per 

flaul. 


Per- 

con tag e ; 
of Total. 


Ist Period— 

1886-90, 
2nd Period- 
1891—95, 


128 
238 


«346 
8735 


49-6 
36-7 


69-3 2808 

520 8066 

1 


21-9 
33-9 


30-7 
48-0 


Six Warm Months: May— October. 


lat Period— 
1886-90, 

2nd Period— 
1891-96. 


197 

228 


23,523 
19,309 


119-4 
84-7 


58-0 
47-4 


17,017 
21,417 


86-3 
93-9 


1 
1 

42-0 

52-6 ; 

1 



The number and averages for each species show the same change — viz., 
an increase in dabs, and a diminution in plaice and lemon soles : — 



Digitized by 



Google 



26 



Part III. — Sevetrteenth Annual Report 



Cold Months : November — April. 


, No. of 
! Hauls. 


Plaice. 


Lemon 
Soles. 


Common 
Dabs. 


Long Ro)igh 
Dabs. 


No. 


Aver. 


No. 


Aver. 


No. 


Aver. 


No. 


Aver. 


1st Period— 
1886-90, 

2nd Period— 
1891-95, 




128 
238 


5580 
7591 


43-6 
31-9 


766 
1144 


6-0 

4-8 


1530 
4611 


11-9 
19-S 


1278 
3455 


9-9 
14-5 


Warm Months : May — October, 


1st Period— 
1886-90, 

2nd Period— 
1891 9r), 


197 
228 


19,844 
15,362 


1 
100-7 3679 

67-3 \ 3947 

i 


18-7 
17-3 


14,237 

16,878 


722 
74-0 


2780 
4539 


141 
19-9 ' 



Tlie change in the relative abundance of the offshore-spawning plaice 
and lemon soles, and of the inshore-spawning dabs was common to 
almost every month of the year, as the following analysis shows : — 



I Month. 



Plaice and Lemon Soles; 



l9t Period— 1886-90. 



2nd Period— 1 8»l-»^. 



X 



Dabs. 



Ist Period— 1886-90. I 2nd Period— 1891-95. 



c 
« 
O 

Ox 






.J.in., 

Feb., 

Mar., 

April, 

i May, 

I June, 

I Jnly, 

i Aug., 

I Sept, 

I Oct., 

I Nov., 

Dec., 



10 
14 
26 
25 
23 
40 
21 
44 
.30 
30 
31 
22 



14-6 

46-8 

631 

70-8 

68-8 

110-9 

93-5 

193-9 

100-8 

96-2 

62-5 

8*9 



60-3 
84-2 
79-7 
69-9 
66-8 
69-3 
55-8 
57-6 
53-5 
64-2 
66-2 
82-0 



31 


30-7 


50 


32-2 


38 


45-7 


40 


53-4 


39 


021 


40 


95'0 


38 


105-3 


34 


82-6 


37 


91-4 


40 


72-2 


37 


36-2 


42 


23-6 



56-6 
61-2 
58-3 
56-8 
53-9 
49-6 
57-2 
41-3 
39-0 
47-2 
37-8 
43-2 



10 
14 
20 
25 
23 
40 
21 
44 
30 
39 
31 
22 



90 


39-7 


31 


23-6 


43-4 


8-8 


16-8 


50 


20-4 


38-8 


161 


20-3 


38 


32-6 


41-7 


30-6 


30-2 


40 


40-7 


43-2 


52-4 


43-2 


39 


53-0 


46-1 


76-0 


40-7 


40 


96-2 


50-4 


74-1 


44-2 


38 


78-6 


42-8 


142-6 


42-4 


34 


1174 


58-7 


96-6 


4«-6 


37 


142-4 


61-0 


530 


35-8 


40 


81-0 


52-8 


31-9 


38-8 


37 


57-8 


62-2 


18-9 


68-0 


42 


81-1 


58-8 , 



It may be also noticed from this Table that in one month in the two 
periods, namely June, the same number of hauls (40) were made, and that in 
October of the two periods the number of hauls was nearly equal, 39 in 
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the first period, and 40 in the second periods ; and in both cases the actual 
number of plaice and lemon soles captured in the second period was dimi- 
nished, while the actual number of dabs increased — the figures being : for 
June, 4435 of the former and 3041 of the latter in the first period ; and 
for the second period 3800 and 3848 respectively. In October, in the 
first period, the numbers are 3713 plaice and lemon soles, and 2069 dabs; 
in the second period, with an additional haul, the figures are 2888 and 
3239 respectively. An examination of the percentages in the above 
Tables shows that, while each hundred of fiat-fishes caught in the closed 
waters in the colder months in the first period of five years consisted of 
69 plaice and lemon soles, and 31 dabs ; each hundred in the correspond- 
ing months of the second period of five years consisted of 52 plaice and 
lemon soles, and 48 dabs. In the warmer months of the first period each 
hundred consisted of 58 plaice and lemon soles, and 42 dabs ; while each 
hundred in the same months of the second period consisted of 47 plaice 
and lemon soles, and 53 dabs. The inshore-spawning dabs, therefore, to 
a very large extent supplanted the offshore-spawning plaice and lemon 
soles in the closed waters. 

T. WEMYSS FULTON, 

Scientific Superintendent 
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TABLE A. — Showing Summary op Fish taken by the 'Garland' in 
Trawling Operations in 1898. 



Station and 
I>atc. 


Flat-FIsh. 


Round-Fish. 


1 


1 




* 
- - 1 


1 


s 

1 




1 


i 1 


t 




1 


1 


i 


MOH \ Y 








I 


1 1 

1 ; 


















FlRTH— 






























Station I. 






' 




1 




















May 24, . 

June 7, 
Oct. 11, . 


23 

8 

46 


1 


. 1 20 
. 336 




; ; 


40 
28 
381 


\ 


\ 


• 


13 

19 
83 


13 

20 

84 


4 


*3 


67 
48 
471 


76 


1 


. 372 


' 1 * 


. 1 . 


449 


' 


1 




HA 


117 


7 


3 


57G 


Station U. 




































May 24, . 
June 7, 
Oct 11, . 


16 
17 

1 


7 


2 
2 
8 


16 
26 
11 


7 
8 


• 




• 


40 
62 
22 


l 


24 

6 


2 
'2 


1 
16 
10 


27 
17 
17 


1 
'8 


8 
6 
3 


71 
74 
44 


33 


7 


7 


62 


16 




• 1 • 


114 


1 


29 


4 


27 


61 


4 


10 


189 


Station 111. 




































May 26, . 

June 6, 
Oct. 12, . 


40 

8 

22 


7 

6 


• 


10 
1 
3 


• 


• 


- 


• 


57 

9 

29 


3 
3 


1 
3 




1 
1 


5 
10 
3 


8 


• 


62 

22 
82 


70 


12 




18 










96 


12 


4 


. 


2 


18 


3 




116 


Station IV. 




































May 25, . 
June 14, . 
Oct. 18, . 


69 
27 
196 


1 

1 
1 


• 


32 

12 

749 


• 


• 


• 




102 
40 
946 


; 


2 

■ 




89 

2 

47 


41 

2 

47 


'2 
2 


'2 


143 
44 
997 


292 


3 


. 793 I . 


. 




. |l088 


2 




88 


90 


4 


2 


1184 


StaUon V. 














1 

f 




















May 26, . 

June 14, . 
Oct. 13, . 


78 

a 

87 


4 

1 
6 


1 202 
. ! 18 
. !351 


9 


' 


;': 


289 

17 

393 


'2 




i 
2 


61 

16 
23 


66 
18 
26 


• 


1 
1 
1 


84« 

86 
420 


113 


10 


1 6G6 


9 


^ 


. . |6» 


2 


6 


3 


90 


100 


. 


3 


802 


Station VI. 





































May 25, . 
.Tune 14. . 
Nov. 19, . 


17 
11 

82 


2 


. 20 
. 1 16 
. 313 


• 


; 


1 


• 


88 
27 

398 


i 


4 

4 
1 


• 


4 
39 

1 


8 

43 

2 


1 
3 
4 


'e 


47 
78 

410 


no 


8 


. 349 


• 


• 


1 . 


463 


• 


9 




44 


68 


8 


6 


680 
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TABLE A.— Sho>vino Summary of Fish taken by the 'Garland* in Trawuxh 
Operations in 1898— wwi/tnwoi 



Station and 
l>at«. 


Flat-Fish. 


Round-Fish. 


1 


1 


*« 
g 




1 




53 


i 

y 


d 
o 
U4 


1 




1 


1 .-1 






1 


MORAV 

Itfitftfd. 




































SUtlonVn. 




































May 27, . 
June 15, . 
Nov. 18, . 


• 


1 
10 
4 


8 
1 

5 


119 

76 
174 


40 

26 
7 


• 


• 


' 


163 
113 

190 


1 


3 
1 
6 


3 

*3 


18 

18 
5 


25 
19 

14 


1 


5 
2 

5 


193 

135 
210 




15 


9 m^ 


78 








466 


1 


10 


6| 41 


58 


2 


12 


538 


Stottoa VIII. 




































May 27, . 

June la, . 

Nov. 18, , 


2 
1 
1 


1 

5 
9 


6 
80 


162 

87 
480 


60 

84 


• 


• 




171 

158 
604 


1 


114 

4 
20 


90 

1 
30 


28 
19 

109 


178 

24 
169 


• 


9 
6 
17 


353 

188 
780 


4 


15 


41 ;729 


144 




. 




983 


1 


138 


61 1 156 


356 




32 


1321 


Station IX. 




































May 28, . 

Juiip 10, . 
Nov. 18, . 


1 
3 
1 

5 


6 
6 
4 

15 


3 
4 

79 


75 
77 
531 


64 
94 
158 


-— 


' 




148 
90 
709 


• 


40 
2 
5 


5 
48 


17 
21 
62 


62 
23 
115 


1 
3 
2 


1 
2 
11 


12 
118 
837 


86 m 






947 




47 


53 


100 


200 


6 


14 


1107 


Station X. 


- 


































May 28, . 
June le, . 
Nov. 17, . 


1 
A 

6 


18 
9 
11 

88 


1 
1 
11 


93 
73 

169 


84 
53 
48 


• 




■ 


196 
137 
244 


5 
5 


7 
6 
42 


5 

1 
16 


14 

15 
43 


31 
23 

106 


1 
1 

4 


47 

4 


276 

165 
359 


13 33.'. 


185 


. 


. 


. 


577 


11 


._ 


22 


72 


160 


6 


56 


799 


SUtion XI. 




































May 19, . 

June », 


3 
b 

7 


2 

16 

18 


' 


82 

.u 

196 


1 
2 

3 


^- 


• 


-^ 


87 
137 

224 


1 
4 

5 


87 


2 


21 
72 


109 
78 




9 
27 


205 
242 


87 


2 


93 


187 , . 


:J6 


JiL 


Station XII. 




































May 18, . 

June 10, . 


6 
9 


11 
18 

IT 


• 


47 
68 

115 


• • 


: 


• 


61 
87 


5 
6 

11 


1 
114 


' 5 


2 
227 


8 
352 


1 


2 

1 


71 
440 


. . ' . L |l48 


115 


1 5 


229 


360 


1 ^ 


511 


Station XIII. 












1 




j 






1 






1 






May 19, . 
June 9, 


18 
2 

20 


15 
6 

21 


- 


28 
20 

48 


i '■ 


i • 


\ i * 


61 
29 


7 

1 

8 


43 


1 


11 
2i 


61 

26 


1 
1 


'l 


123 

57 


1 ^ 


• 


90 


43 


1 


35 


87 


•1 


1 


180 
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Part IIL — Seventeenth Annual Report 



TABLE A.— Showing Summaey of Fish taken by the 'Garland* in Trawling 
Operations in 1898— con^inwcd. 









Flat-Fish. 




Kound-Fish. 








Station and 




J 


Ill 


1 


i 










1 « 








A 




Date. 




Witch So 

Common 
Dabs. 


e P 


1 


1 


Brill. 
Total. 


t 


1 


1 


1 


1 


i 


it 

1 


1 


MORAT 








1 
1 




1 

1 






1 

1 












Firth — con- 
































tinued. 
































Station XIV. 








1 
























May 20, . 


7 


10 




40 9 






. Ih 


4 


13 




! 17 


S4 


3 


4 


llfi 


June 9, 





14 




23 . 8 






2 53 


1 


8 


*2 


i 11 


22 


1 


n 


13 


33 




63 


17 




• 1 -^ '^ 


l» 


21 


2 


28 


56 2 


5 

1 


191 


Station XV. 




































May 19, . 


b 


6 




131 


10 








151 




4 




18 


17 


. 


2 


170 


June 10, . 


4 


15 


• 


69 


8 








91 


1 


26 


2 


18 


46 


• 


• 


187 


9 


20 


. 


200 


13 








242 


1 


29 


2 


31 


68, . 


2 


307 


Station XVI. 




































May 18, . 


, 




2 


64 


78 


. 






144 




32 




18 


50 4 


3 


201 


June 10, . 


. 


-^ 


• 


129 


107 






. j236 


• 


4 


2 


19 


25 4 


3 


268 


2 


193 


185 






. 380 . 


36 


2 


87 


75 i 8 


6 


469 


Aberdeen 




































Bay, 




































Station I. 




































April 27, . 


35 


. 


. 


14 




. 






49 












. 




49 


Station II. 




































May 3, . 


17 


4 




54 


7 




. 


. 1 82 


4 


30 


3 


13 


60 




2 


184 


Station III. 
















1 


















May 4, . 


18 


X 




73 


3 


1 


. 


. 95 


3 


74 


10 


1 


88 


. 


1 


184 


SUtion IV. 


































Mny 4, . 


2*: 


1 


. 


99 4 


. 


. 


, 126 


3 


10 


4 




17 




. 


143 


Station V. 


































May 5, . 


43 


1 


• 


145 


• 


m* 




. 189 


1 




4 


36 


41 


• 


• 


230 
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TABLE Ai— Showing Summary of Fish taken by the 'Garland' in Tkawlino 
Operations in \%9%— continued. 



1 

station and 


Fiat-Fish. 


Uound-Fkli. 




A 






3 


i 




t 


1 


















Date, 




a 


^ 

JZ 
V 

^ 


i 

O (5 


1 

23 


t 




1 


t 




1 


1 


1 


1 


1 


1 


AbKRDKKN 




































Bav— eo«- 




































tinned. 




































SUUou VI. 




































May 5. . 


17 


1 




14 


3 








35 


' 


8 


20 


37 


65 


1 


. 


101 


Station VII. 




































May 5, 


5 


1 




10 


. 


. 






16 


2 


4 


17 


2 


25 


2 


. 


48 


Firth of 




































Clydk. 




































Station I. 




































Aug. 25, . 




10 




69 


3 








81 


2 


5 


2 


28 


37 


37 


34 


189 


Dec. 15, . 




IS 


7 


8 


8 


• 




• 


38 


12 


2 


4 


1 


19 


8 


71 


136 


. 


25 


7 


77 


10 




. 


. 


119 


14 


7 


6 


29 


56 


45 


105 


326 


Station II. 


' 


































Aug. 24, . 


1 






9 


4 




. 




14 


. 






1 


1 


. 


1 


16 


Dec. % . 


29 


2 


8 


6» 


3 


1 


• 


• 


96 


• 


19 


4 


4 


27 


2 


21 


146 


30 


2 


8 


62 


7 


1 


. 


. 


110 




19 


4 


5 


28 


2 


22 


102 


Station III. 




































Aug. 24, , 


2 


8 


67 


, 


87 




. 




154 


, 


14 


11 


7 


82 


1 


83 


270 


Dec. 8, . 


5 


6 


187 


' 


68 


• 




• 


261 


4 


4 


18 


. 


21 


4 


97 


888 


7 


14 


244 




160 


. 


, 


^416 


4 


18 


24 


7 


63 


5 


180 


65S 






























"^ 






Station IV. 




































Aug. 24, . 




2 


2 


1 


14 








19 








9 


9 


1 


4 


38 


Dec. 8, . 


— 


2 
4 


20 
22 


• 


6 


• 


• 




27 


I 


10 


9 


■ 


20 


2 


31 


80 


1 


19 


. 


. 




46 


J. 


10 


9 


9 


29 


\ 


86 


118 


StaUon V. 




































Aug. 31, . 




7 




38 


1 








86 








2 


2 


Z 


5 


46 


Doc. 14, . 


' 


4 


4 


9 


S 


• 


• 




22 


• 


4 


1 


2 


7 


4 


3 


36 


• 


11 


4 


37 


6 


• 




• 


58 




4 


1 


4 


9 


7 


8 


82 
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TABLE A.— Showing Summary of Fish taken by the * Garland* in Trawling 
Operations in 1898— continued. 



Htatiun and 


Fkt^Flali. 




Itound-Kisli. 






4l 






3 


II 


be 




1 










, 




Date. 


i 


1 


s 15a 


5S 


1 


iji 


J, 


i 


1 




I 


■E 

1 




1 


1 





1 


FiBTH OV 




1 1 




I 
1 




















Cltdk— eon* 












1 


















tinued. 






























Station VI. 




1 


























Aug. 2u, . 




11 ; . ! ia 






1 . 


25 


I 


. 




27 


28 


24 


11 


88 


Dec. 16, . 




14 1 1 30 


, 


• 


• • 


45 


1 


3 


8 


17 


29 


13 


10 


97 


. 


25 1 48 






1 1 . 


70 


2 


8 


8 


44 


57 


87 


21 


185 


StaUon VIT. 






























Sept 6, . 




2 6 8 


1 




16 


1 






22 


23 


7 


19 


65 


Jan. 17, '99, 


^- 


4 . . 
2 9 e 1 




4 






2 


1 


3 




106 


118 




20 


1 




2 


23 


26 


7 


125 


178 


Station VIU. 




t 
1 i 


' 












■ 










Sept. 7, . 




1 IS . 






16 


3 


2 


1 


5 


11 


2 


33 


62 


Dec. 17, . 




. 87 1 . 


• 




38 




9 


4 


194 


208 


11 


55 


812 




. 


1 52 1 . 


. . 


. 54 


4 


It 


5 


199 


219 


13 


88 


374 


StaUon IX. 


































Aug. 81, . 




2 


21 




.■i 


' 


28 


2 


2 


1 


406 


413 


12 


29 


482 


Jas. 17, '99, 




2 


37 

17 


13 


3 


-^:-^'-^ 


54 

82 


.1 


2 


50 


81 


81 


6 


60 


191 


13 1 8 


.^►1 


4:;y 


494 


18 


79 


673 


Station X. 












i 




















Atig.as, . 




4 




17 




• 


21 








20 


26 


8 


3 


58 


Jan. 16, '99, 


.• 


2 


64 


2 


7 


. 1 . 1 . 


75 


• 


18 


180 




148 


' 


128 


858 







U 


19 


7 . . 


90 1 . 


18 


130 


26 


174 


15 


131 


416 


Station XI. 














1 
' 1 


















Sept 6, . 


« 


1 


69 


8 


66 




. ! . !'144 


j 




1 ' 


7 


5 


36 


192 


Jan. 24, 99, 


22 


7 


6» 


62 


82 


• 


1 j243 


1 . 1 1 


2 


1 S« 


33 


1 


11 


288 


28 


8 


138 


65 


147 . 


I 387 , 


I 


2 


37 


40 


6 


47 


480 


Station XTI. 




1 
1 










i 




















Aur. 30, . 


4 


1 


162 


I 


186 




1 


803 


2 






1 


3 


3 


15 


324 


Jan 20, '99, 


1 


• 


108 


• 


405 




. 1 . 


514 


1 


• 


8 


1 


10 


6 


48 


. *^« 


5 . 


270 


1 


541 




. 1 . 

I 


817 


8 


. 1 8 

1 


2 


13 


9 


63 


902 
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TABLE A.— Showing Summary of Fish taken by the 'Garland' in Tkawlixg 
Operations in 1898 — continued. 





Flat-FiJih. 


Round -Fish. 










^ 






A 


















station and 




.2 


t 




bo 


• 










.• 










J-* 




Date. 




« 


'^ 


c 


O 


^ 


*j 








.:« 


s> 


i 






S 






u 
** 


o 








c 
a 


% 


X. 


5 

o 


^ 


«8 


s 


3 


3 

o 


1 


1 


5 

o 




p4 


-! 


^ 


O^ 


JC 


%i* 


H 


« 


H 


^ 


X 


5f 


O 


H 


05 


o 


H 


Firth of 




































Clyde— 




































continued. 




































Station Xni. 




































Aug. 23, . 


25 


1 


19 


8 


92 








145 


2 




1 


20 


23 


2 


4 


174 


Dec. 6, 




1 


16 


1 10 








27 


6 


9 


11 


4. 


80 


1 


9 


67 


25 


2 


34 


9 102 








172 


8 


9 


12 


24 


63 


3 


18 


241 


Station XIV. 




































Aug. 22, . 


7 




40 


8 


UG 




1 


171 


2 


1 


1 


17 


21 




5 


197 


Dec. 6, 


1 
8 


1 

1 


14 

54 


8 


16 

132 


^- 






32 


17 


2 


1 


7 


27 




21 


80 






203 


IS) 


3 


2 


24 


48 




20 


277 


Station XV. 




































Aug. 22, . 


1 




44 




117 






1^2 




1 




1 


2 


1 


15 


180 


Dec. 6, 


2 

3 


• 


77 
121 


— 


46 
163 


— 


• 


125 


4 


2 


3 


2 


U 


3 


139 


• i • 


287 


4 


3 


3 


3 


13 


1 ; 18 


319 


Station XVI. 




































Auf». 23, . 




. 


15 










. 


15 














1 


16 


Dec. 7. . 


■ 




12 


• 


4 




• 


. 


16 










• 


, 


1 


17 


1 


27 


. 


4 




• 1 • 


31 












. 


2 


33 


Station XVII. 




































Aug. 23, . 


4 




67 


1 


81 








103 


i> 






4 


13 




10 


126 


Dec. 7, . 


• 




12 


• 


5 




1 1 . 


18 




• 


• 






• 


5 


23 


4 


. JT9 


1 


86 


• 


1 • 


121 


9 


• 




4 


18 


• 


15 


149 
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TABLE B.— ANALYSIS op thb ' GARLAND'S ' STATISTICS 
RELATING to the RELATR^E ABUNDANCE of FISH. 



Station. 



I. 

ir. 
III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

XV. 

XVI. 



s ,^ 






Fiat-Fish. 






-^ 1 

o ^ 





Round-Flsli. 






^ 




t 


locks, 
tings. 


1 


.3 


i 


u 

5 


1 


Hade 
Whi 


O 


S 










I. Moray Firth. 



25-3 
11-0 
23-8 
97-3 
87-7 
I 36-7 

I 1~3 

I 1-7 

I 2-0 

3-5 

' 4-5 

! 10-0 

6-5 

4-5 



0-3' 

2-3 i 

4-0 

1-0 f 

8-3 

1-0 

5-0 

5-0 

5-0 

12-7 

9-0 

120 

10-5 

16-5 

10-0 



_ 


124-0 - 


1 


_ 


149-7 


2-3 17-4 5-0 


_ I - 


- 


38-0 


- 4-3 - 


_ 


_ 


31-7 


- 264-3 - 


_ 


_ 


862-7 


0-3 188-7 3-0 


- ' _ 


- 


233-0 


- illH-3 - 


- 0-3 


_ 


154-3 


3-0 123-0 24-3 


_ , _ 


_ 


155-3 


13-7, 243-0 48-0 


- 


- 


311-0 


28-7; 227-7 52-7 


- ' - 


- 


Sl57 


4-3 1117; 61-7 


- 


- 


192-3 


_ 


98-0 1-5 


- 


_ 


112-0 


_ 


67 -5; - 


_ ' - 


- 


74-0 


_ 


240 - 


- ,0-5 


- 


45 


- ' 31-5! 8-5 


_ 1 _ 


1-0 


64 


- ilOO-o' 6-5 


- ! - 


- 


121-0 


1-0 


96-5 92-5 

1 


- 1 - 


- 


190-0 



0-3! 
0-3 1 

4-0 

I 

07' 

0-3 
0-3 

37 
2-5 
5-5 
4-0 
2-5 
0-5 



II. Firth of Clyde. 





I. 


- 12-5 


8-5 


38-5 


5-0 






II. 


15-0 1-0 


4-0 


31-0, 3-5 


0-5 ~ 




III. 


3-5 7-0 


122-0 


_ 


75-0 


- 




IV. 


20 


11-0 


0-5 


9-5 


_ 


V. 


5-5 


2-0 


18-5 


3-0 


_ 


VI. 


- : 12-5 


0-5 


21-5 


- 


- 


i VII. 


10 


4-5 


4 


0-5 


_ 1 _ 


1 VIII. 


05 


26-0 


0-5 


_ 


_ 


IX. 


0-5 10 


29 


6-5 


4-0 


_ 


1 X- 


3-0 


32-0 


9-5 


3-5 


_ 


XI. 


14-0 4-0 


69-0 


32-5 


73-5 


- 1 - 


Xll. 


2-5 


135-0 


0-5 


270-5 


~ 



- I 



- I 0-5 



69-5 


7-0 


650 




207-5 


2-0 


23-0 


0-5 


29-0 


- 


35-0 


10 


10-0 


0-5 


27-0 


2-0 


41-0 


1-0 


48-0 


_ 


193-5 


_ 


408-5 


1-5 



0-3 

97 

1-3 

07 

17 

3-0 

3-3 

46-0 

157 

18-3 

43-5 

57-5 

21-5 

10-5 

14-5 

18-0 





38-3 


89-0 


2-3 


1-0 


1-3 


9-0 


20-3 


1-3 


3-3 


- 


07 


60 


1-0 


- 


_ 


29-3 


30-0 


1-3 


07 


1-0 


30-0 


83-3 


_ 


1-0 


_ 


147 


177 


27 


20 


2-0 


137 


19-3 


07 


4-0 


20-3 


520 


1187 


- 


107 


177 


33-3 


667 


2-0 


47 


7-3 


24-0 


53-3 


2-0 


18-7 


1-0 


46-5 


93-5 


- 


18-0 


2-5 


114-5 


180-0 


_ 


1-5 


0-5 


17-5 


43-5 


1-0 


0-5 


1.0 


14-0 


28-0 


1-0 


2-5 


1-0 


15-5 


31-5 


- 


1-0 


1-0 


18-5 


87-6 


4-0 


3-0 



8-6; 3-0 
9-5 2-0 
9 12-0 
5-0 4-5 



2-0 

1-5 



0-5 
4 
1-0 
5-5' 2-5 
1-0 25-5 
9-0 65-0 
0-5 1-0 
- ! 4-0 



192-0 

63-0 

387 

3947 

267-3 

176 -; 

179-3 

440-3 

389-0 

266-; 

223-5 

255-6 

90-0 

95-5 

153-5 

234-5 



14-5 


28-0 


22-5 52-5 


2-5 


14-0 


10 11-0 


8-5 


26-5 


2-5 90-0 


4-5 


14-5 


1-6 17-5 


2 


4-5 


3-5 40 


22-0 


28-5 


18-5 10-5 


11-5 


13-0 


3-5 62-5 


99-5 


109-6 


6-5 44-0 


219-5 


247 


90 39-5 


13-0 


87-0 


7-5 65-5 


18-5 


20-0 


3-0 23-5 


1-0 


0-5 


4-5 31-6 



162-5 

81-0 

326-5 

56-5 

41-0 

92-5 

89-0 

187-0 

386-5 

208-0 

240 

461-0 
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TABLE C. — Record of Observations made on Board the * Garland' during 1898. 
A. FISH CAUGHT— I. Moray Fiuth. 



station. 


















Size in 


Inches. 












Dst«, and 
Time 


Kind of Fisb. 






























Total. 










































Trawl 




4 


b 


n 


7 


8 





10 


11 


12 


13 


14 


15 1 


G 


17 18 


19 


20 21 


23 


2.'i 




down. 




+ 


+ 


+ 


+ 


+ 


+ 


-1- 


+ 


+ 


-f 


+ 


+ - 


f 


-f 


f 


-f 


+ + 


+ 


+ 




Statioa I. 




































1 










1898. 














































May 24. 


Comnum 












































1-5 p.ni, to 


goniunis, 










, 


2 


4 


1 


2 


2 


2 


, 




. 


. 




. 


, 




, 


13 


«-Op.iJi. 


Thornback skate, 












, 




, 


. 


, 


, 




1 


, 






1 


1 




I 


4 




innice, 






a 


2 


4 












1 


2 


4 


2 


1 




, 


2 




>i 


23 




Common dabs, . 




1 


4 


4 


3 


2 


1 


1 






J 


. 




, 


, 




, 


, 




. 


10 




Lemon sole, 






1 










• 






• 


• 






■ 




•■ 








1 

57 


June 7. 


Cod, . 




























1 














1 


»>S0 a.m. 


Comiiifin 












































to 


j^urnard», 








1 


1 




a 


2 


2 


3 


4 


, 


S 










, 






19 


10-lSa,ni. 


Plttlce, 




1 








1 










, 


1 


1 


1 


, 




1 


1 


] 




8 


Oct.ll. 


Commou dabs, . 
Anglers, . 








6 






1 


1 


1 


1 












1 








1 


20 


48 


y*^ 


12-14 p.m. 


Common 
























1 




















to 3 p.m. 


gml]a^i^i, 
Thornback nkiite, 




18 




d 


21 


16 


17 


• 


a 

1 




2 

1 


1 




1 














83 
3 




Plaice, 












1 


Jt 


>> 


2 


(I 


8 


a 


4 


7 


3 






1 


2 




4.') 




Common dabs, . 




28 


80 


108 


39 


49 


20 


ti 


2 


1 


2 


, 




1 










^ 




;}3(J 


BtatUAlI. 


Haddocic, . 


















1 
























I 


471 




May 14. 


Haddocks, . 








. 




3 


1 


5 


1 


6 




2 


3 


, 






. 








24 


li-Wij.m. 


Common 












































to 


gurnard, 








, 




, 




» 


























It 


1-40 p.m. 


Anglers, . 
Whitings, . 
Botter-ttsh, 
Thoi-nback skate, 
Plaice, 
Witch soles, 
Long ronfch dabs, 


1 




2 




• 


*1 
2 












1 










1 








2 
It 

15 
2 
7 


Juiie 7. 


Common dabs, . 
Cod, . . . 


1 


3 


2 






2 




2 
























1 


16 


71 


If 


11-20 a. m. 


Hake, 










I 








_ 










. 
























1 


to 


Gnniards, . 










1 






2 


2 


3 


4 






, 
























16 


1-0 p.m. 


Angler, 
Uragonets, . 
Plaice, 
Witch soles. 










1 




• 


1 
2 


4 


3 


2 






'l 

1 




1 


















1 


2U 
2 
17 
2 




Long rough dabs, 






3 


3 




» 


, 


2 


, 








, 






















. 


8 


Oct. n. 


Common dabs, . 

Haddocks, . 






2 


y 






3 


4 


1 
































25 










74 


5 


9-30 a.m. 


Whitings, . 






. 


, 




, 


, 










. 


















2 


to 


Common 






















1 




















U-10a.m. 


gtirrmrds, 
Dragonets, 
Thornback »lcate, 
Plaice, 

Lemon «ole>*, 
Witch soles, 
Common Uabw, . 






8 

• 
6 


2 

1 

*2 
\ 




1 
1 


1 

1 


1 












2 
1 


1 




\ 








10 
2 
3 
1 
7 
S 

u 














44 



* One 28 inches. 



t 8 inches. 



t 1 inch. 



I 80 inches. 



II One 54 Inches. 
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TABLE C. — Record of Obsbrvations madb on Board the * Garland * during 1898. 
A. FISH CAUGHT— I. Moray YiViTK—coMinued, 



station, 














Size in Ii^ckes. 








Date, and 






















Time 


Kind of Fish. 


























1 




Total. 




Trawl 




4 


6 1 6 


7 


8 9 


10 


11 


12 


13 14 


15 


16 


17 


18 19 20 1 21 


23 1 


25 






down. 




+ 


+ , + 


1 


+ -f 


+ 


-f 


+ 


+ + 


+ 


+ 


+ 


+ + 


+ + 


+ 


+ 






Station 






1 














1 










! 








m. 


















; 




1 




1 








May 26. 


Cotl, . 


. 




• 


. 


1 


2 


. 1 




. ' . 






> 


• 




S 




10-0 a.m. 


Haddock, . 














• 1 


. 


• 1 • 




• 1 • 




. i . . 1 






1 




to 


Common 


























; 








11-45 a.m. 


pcuinard, 








. 






. 1 




1 . i . 










' 1 






1 






Plaice, 






1 


1 


1 


2 




2 


10 


8 ; 7 


? 




2 


1 


1 1 






40 






I^cmon soles. 










1 




1 


3 


2 


. 1 . 






1 










7 




June 6. 


Common dabs, . 
Cod, . 






4 


2 


1 
2 


3 








1 






1 






• • 








10 




' 


2 




6S 




C 




2-20 p.m. 


Haddocks, . 




















, 












3 








3 




to 


Gurnard, . 
















1 
























1 




3.20 p.m. 










. 








, 




















1 1 


1 


8» 






Plaice, 
















2 




1 


1 2 


1 


1 




^ 








8 






Common dab, . 














1 


















• 1 • 


• 


1 












22 










1 




































■■"• 




Oct. 12. 


Cod, . 




• 1 • 










1 
















1 








1 


If 




1-60 p.m. 


Plaice, 




. 




. 




1 




2 


2 


4 


4 


1 


b 


1 


2 






. 




» 




to 


Lemon soles. 




• 1 • 




1 


1 




1 


4 










, 








. 


, 




6 




2-43 p.m. 

Station 
IV. 


Common dabs, . 




! 




■ 


* 


1 


1 
















* 


1 


• 


* 


S 




S2 














































May 25. 


Haddocks, . 




. ' . 


. 


. 










, 


. 


1 


1 








1 






9 




1-5 p.nL 


Gurnards, . 




. ' 2 




1 


15 


. 


lb 


8 


1 


1 


1 


, 










. 






t9 




to 


Plaice, 




. > 18 


2<5 


8 


3 


2 




, 


6 


2 


5 


. 


3 




1 


1 








69 




8-0 p.m. 


Lemon sole. 












1 












. 










, 






1 




June 14. 


Conmion dabs, . 
Gurnards, . 




8 6 

1 
1 


(J 
1 


« 


2 


2 






1 






















82 




149 




S 




1-55 p.m. 


Tliomback skate, 
























2 














. 


2 




to 


Plaice, 




1 ; 1 


9 


1 












1 




2 


1 


1 


1 1 






2 


87 




8-40 p.m. 


Lemon sole, 




1 1 . 






. 


















. 










, 


1 






Common dabs, . 




5 




3 


2 


2 




















• 








■ 


IS 




44 




Oct. 13. 


Anglers, . 


i 
1 












1 
























1 


n 




10-80 a.m. 


Commou 


3 1 11 


13 


1 


1 




10 


2 














, 








, 


47 




to 


gurnards, 




1 








































12 20 p.m. 


Plaice, 
Lemon sole, 




. 1 . 




' 


6 


45 


71 


8 


34 


1 




10 


6 




3 




4 


1 


1 


1961 

1 






Common dabs, . 


3 


93 


308 


191 


86 


60 


8 












, 


, 










, 




749 






Tliomback skate. 




• 












1 




• 












1 




• 


• 


• 


S 




997 
















































^^^M 




Station V. 
















































^fay 25. 


Haddocks, . 








. 








. 


2 


1 


1 




















4 




9-20 a.m. 


Whiting, . 




. 








1 






. 


. 


, 




















1 




to 


Gurnards, . 




2 


4 


1*7 


14 




4 




2 


4 




3 


















U 




11.5 a.m. 


Dragonnt, . 






, 




1 
































1 






Plaice, 




• 1 " 


24 


22 


3 






'e 




4 


1 


1 






1 




1 


i 


1 


m 






Common dabs, . 


2 


28 89 


47 


22 


17 


, 




1 
























ir«» 






Witch sole, 








. 1 . 












1 












', 






1 






Lemon soles, 




1 






1 




J 




1 












, 








4 






Long rough dabs, 


\ 3 

1 


1 


• 


* 


• 




i * 
























9 




tM 








1 


i 
















1 1 










\mmmmm 




♦ One 


26 inches. t Om 


»»3 


inch< 


». 


X < 


3nQ2 


7In( 


ihes. 




8 On 


e27 


inch 


es. 


II 


One 


30 in 


ches. 




to 


Qe3 


Inchc 


S8. 
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TABLE C. — Record of Observations made on Board the * Garland' during 1898. 
A. FISH CAUGHT— I. Moray YiKtR^continued. 



station. 




















Size ik 


ISLHES. 




















Uate, and 
Time 


Kind of Fish. 


















Total. 


1 
















1 


( 


Trawl 




4 5 I <> 


7 


8 


» 


10 


U 


12 ' 13 ! 14 , 15 


1« ! 17 


18 


19 1 20 


31 


33 25 




down. 




+ + 


+ 


+ 


H- 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 1 + 


+ 


+ + 




June 14. 


Gurnards, . 






5 


6 


3 






2 




1 




















16 


10-35 a.m. 


Angler, 




















] 






, 




. 






1 


1* 


to 


Whitings, . 










, 












. 
















. 


2 


12-10 p.m. 


Plaice, 








3 






















1 






. 


3 




Lemon sole, 






















1 










, 










1 




Common dab* , . 




4 




3 


S 






























■ 


13 


S6 


fKrt, la. 


Cod, . 
















1 








1 


















3 


12-50 p.m. 


Haddock. . 


, 














, 








1 


. 




^ 


, 


,, 


, 




. 


1 


to 


Angler, 


, 








1 










, 






. 




. 


. 




, 




. 


1 


*M0 p.m. 


Common 
gnmaids. 




4 


3 


1 


^ 


2 


2 


3 


S 


2 












^ 










•i.i 




Plaice, 








3 




5 


5 


8 


2 


2 


3 


7 




2 


^ 


. 




, 




, 


37 




Lemon soles. 
















1 




3 


. 


1 


1 






, 




. 


. 


, 


5 


Statum 


Common dabs, . 




4M 


104 


188 


10 




1 


* 


* 




" 


' 






• 


* 


' 


' 




* 


351 


4l>0 














































TL 














































Miy 25. 


Haddocks, . 
















1 






3 


1 




. 










, 




4 


a-Wp.m. 


Gurnards, . 






2 


. 








. 








1 




• 




. 




, 


, 




4 


to 


Thombaek skate, 
























. 


. 


. 




1 






. 




1 


^ p.m. 


Plaice, 
Common dabs, . 




5 


4 

8 


8 
6 








3 


1 






3 


; 


] 








3 


1 




17 
20 




Lemon sole. 




























■ 


* 






' 






1 


47 


June 14. 


Haddocks, . 




















1 


, 


1 


1 
















4 


8-6 ».»>. 


Gurnard f*, . 


1 


. 


13 


14 


2 


4 


*2 


2 




. 


I 


. 


. 


, 


, 


. 




, 


. 




3H 


to 


niomback skate, 




, 


, 


, 


, 


, 


, 
















1 




1 


1 






3 


94S a.m. 


Plaice, 
Common dabs, . 




& 


3 
4 


jj 


*2 


2 


' 






• 


1 


1 


• 


3 


• 


3 


1 


• 


1 




11 
16 

73 


Xov. 19. 


Haddock, . . 




. 
























1 














1 


13-0 noon 


Common 












































to 


gurnard, 












, 


, 




























1 


1-30 p.m. 


I^ed gurnard, 
Cattish, , 
Turbot, 




• 




i 


, 


* 


* 


















1 








1 


1 
It 

1 




Plaice, 








1 




27 


38 




3 


3 






1 




2 








2 


3 


82: 




Lemon soles, 








, 




, 


, 




























2 




Common dabs, . 


124 


92 


83 


4 




4 


2 




























31 3§ 




Til ree -bearded 














































rockling. 








. 






. 




























an 




Solenette, . 


1 








































1 




Thorn tmck skate. 




. 


1 


. 




1 


. 






1 






















4 


Station 

vn. 

May 37. 












































410 


Cod, . . . 














1 




























1 


10-Oft.in. 


Haddocks, . 








*3 


































3 


to 


Whitings, . 




i 
































. 






3 


U-45 a.m. 


Angler, 

Hake, . . . 

Dragon et«, . 
Gnraai-da, . 
Witch solcH, 
Lemon m\c.. 
Common dabs, . 
Long rough dabs, 


1 


10 



40 
30 


• 
4 

58 


1*1 
10 


3 


3 














1 






1 








1 

2 

2 

,.8 

1 

119 
40 




































1 ' 








193 


















1 




! ' • 






) 1 


^^M 



* 49 iBcbei. t 80 InchM. % One 30 Inches. } One 3 Inches. || Two 2 inches, one 8 Inches. ^ One 8 Inches 
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TABLE C. — Record op Observations made on Board the 'Garland' during 1898. 
A. FISH CAUGHT— I. Moray YiKin—continued. 



stmion, 

t)ate, and 
Time 

Trawl 
rtovvn. 






Size in Inches. 


Totll. 


Kind of Fish. 


4 


5 

+ 




+ 


7 

+ 


4- 





le 


11 

+ 


12 

+ 


13 

+ 


14 

+ 


15 


16 

+ 


17 


18 


19 

+ 


20 

4- 


21 


2« 

+ 


25 


June 1j, 
8-55 a.m. 

to 
10-10 a.m. 

Nov. 18. 
1-80 p.m. 

to 
2-20 p.m. 

Station 
vm. 

May 27. 
1-55 p.m. 

to 
3-40 p.m. 

June 15. 
2-5 p.m. 

to 
3-50 p.m. 

Nov. 18. 
10-25 a.m. 

to 
12 noon. 


Jladdock, . 
Hake, . 
Angler, 

Com. g:uniardfj, . 
Tliomback skate, 
Lemon soleis. 
Witch sole. 
Long rough dub.-i, 
Common dab», . 

Haddocks, . 
Whitings, . 
Hake, 

Anglei-s, . 
Pogi^e, 
Common 

gurnards. 
Cuckoo my. 
Lemon soles. 
Witch soles, 
Lonv rough dabs, 
Connnon dabs, . 


4 


*1 
1 

1 

1 

1 

f;'u 

1 
ao 

2 

i 

2 
14 

2 
6 

238 


5 

3 

l'(> 
8 

4 

4 

40 


2 
2 

5 

30 

2 

3 
42 


2 

2 

4 
12 

2 

9 

22 
1 

2 

13 
11 

1 
5 

2 

23 
18 

14 

1 

6 

18 
2 
5 

8 


1 
3 

1 

1 

I 
4 

Tit 

4 

1 

1 

5 
8 
4 

2 

a 
1 


s 

2 

3 

4 

1 


1 

1 
4 


2 
4 

25 

4 
2 

\ 

2 

10 
4 


40 
2 

1 

1 

1 

1 

1 

1 
1 

3 
1 


1 
I 

\ 


i 

2 


1 

1 

i 

1 

1 


1 

• 












1 


1 


1 
1 

1» 

18 

1 
10 

1 
26 
76 


135 


S 

J 

I 

5 
1 
4 
& 
7 
174 


210 


Cod, . 
Haddocks, . 
Whtting.t, . 
Huke, 
Angler.f, 
l*oor-cod, . 
Plaice, 
Sallfiuke, . 
Lemon sole, 
Witch soles. 
Common dabs, 
Gomardit, . 






1 


6 


7 

1 


4* 


I 
i 

1 

i 




2 
1 




1 




























2 




2 


1 

114 

Sd 

3 

4t 
1 
3 
1 
1 
6 
163 
38 


Haddocks, , 

Whiting, , 

Hake, 

Com. guiTiards, . 

Anglers, . 

Plaice, 

Lemon soles. . 

Wltcli .tolcs, 

Long rough dabs, 

Common dabs, . 

Haddocks, . 
Whitings, . 
Hako, 

Bi-assie, . 
Common 

f!;uTnards, 
Plaice, 
Witch soles, 
Lemon soles, 
Long rough dabs, 
Common dalis, . 


1 
10 


7 

2 

14 
22 

2 

e 

48 

3 
31 
181 


Z 

\ 

1 
21 
31 

) 
2 

34 

4*3 

42 


2 

'a 
1 

2 

1 


; 

1 

\ 

I 


1 


i 




1 


. 




1 


1 


7m 


i» 

87 


18S 


20 

30 

6 

11 

109 

1 
30 

84 

480 






























































780 



^ 35 inches. 



t One 80, one 83 inches. 
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TABLE C. — Record OF Observations made on Board tub * Garland* during 1898. 
A. FISH CAUGHT— I. Moray YiKTn—contimied. 



Stotion, 
















SizB IN Inches. 




Date, and 
lime 


Kind of Fbh. 






















Total. 


t 




















, 1 1 i 1 1 1 


Tmwl 




4 


5 6 


7 


8 


9 


10 


11 


12 


13 


14 


16 


16 


17 


18 1 19 j 20 ; 21 23 25 




down. 




-f 


+ 1 + 


+ 


+ 


-f 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


-f 


+ 1 + 1 + 


+ ..,. 




Station 




























i 






EC. 
































1 




AUyM, 


Haddocks, . 








19 




1 


9 






11 




• 








40 


10-6 a.m. 


Whitings, . 








I 




2 






1 


, 




. 1 . 


. 










to 


Angler, . 


















. 












• 1 • ' • 




1 


1* 


11-Ma.m. 


Starry ray, . 


. 






I 




. 


















. 1 . , . 






1 




Cora, gurnards, . 


. 


. i 2 


1 


2 




4 


1 


1 


^ 


3 


, 








. ' . 






17f 




Ptalce, 




• 1 • 
















I 








. 




. 






1 




Lemon soles. 




. I 1 


4 














, 


















5 




Witch soles, 






1 










1 


1 


^ 




















3 




Long rough dabs, 




11 j 20 


13 


2*0 


























. 




64 


June 16. 


Common dabs, . 
Haddocks. 


1 


8 


25 


30 


6 




2 


' 




2 


















. 1 . 


75 






212 




2 


11-30 a. ni. 


Hake, 


. 


















2 




















2 


to 


Com. gurnards, . 






10 


6 




1 


1 


. 


2 




. 


















21J 


1-20 p.m. 


Thomback skate, 
Starry ray, 


' 












1 


2 
















•, 








1 
2 




Plaice, . . 














• 


1 






1 










1 










3 




Lemon soles, 




1 


^ 


2 








, 




2 




i 


















6 




Witch soles, 
















, 


2 


• 




1 
















. 


4 


Not. 18. 


Common dabs, . 
Haddocks, . 




4 

• 


86 
2 


22 


10 




1 
3 




. 
















• 






• 


;;§ 


118 


6 


7-5 a.m. 


Brassie, 








I 


































1 


to 


Whitings, . 






, 


2 


24 


17 


1 


8 


1 
























48 


MOa.m. 


Hake, 
Common 
gurnards, 

^cT' : 

Lemon soles. 




• 
28 


19 

• 
2 


8 
2 


5 




2 

1 










1 








. 


; 


1 


1 


* 

2 


3 

62 

41! 
1 
4 




Dragonets, . 




1 


, 




. 


• 






















. 




* 1 * 


1 




Pogge, 




2 






























. 




. 1 . 


2 




Witch soles, 






. 








74 




1 






2 


2 












• i • 


79 




Long rough dabs, 




28 1 89 


20 


7 






















• 








94 






IS 


114 301 


82 


13 




1 






1 




















581 


StatioBlZ. 

May 28. 


Starry ray, 
Cod, . . . 










1 


. 


2 


1 








1 


' 


. 










1 


2 


1 


887 




2 


6 


6.35 a.m. 


Haddocks, . 






, 


2 


3 














1 


. 


1 








, 


7 


to 


Whitings, . 










. 


1 


1 


1 




2 






■ 






. 




. 


6 


8-20 a.m. 


Com. gurnards, . 






, 




1 


5 


1 


1 


6 














. 




. 1 . 


14 




Catfish, . 








. 






























1 


111 




Brassie, 


14 




11 


13 


3 










. 


. 




• 












. 


*»44 




Cuckoo ray, 






. 


. 




, 










1 












• 1 • 




1 




Sail flukes, . 






















1 




. 








' . 




1 


2 




Lemon soles, 






2 


1 


1 


1 






1 


2 




4 


4 


1 


1 




• 1 • 




. 


18 




Witch sole. 












, 








. 






1 








1 




. 


1 




Long rough dabs, 




21 


20 


17 


24 


2 


























84 


June 16. 


Common dabs, . 
Cod, . . . 




8 


37 


18 


30 






. 




1 














' ! ' 


1 


98 




275 




1 


8-J!*a.m. 


Haddocks, . 










2 






2 




1 


1 












6 


to 


Whiting, . 












1 












. ' . • ' . 






1 


9-55 a.m. 


Com. gurnards, . 
Starry ray, 
Phiice, 


1 




1 


1 


4 


3 


1 


1 
1 


2 




1 


'1*1!'' 
! i ' 1 • i 1 




1 


15 

1 
1 




Sail fluke, . 










, 












. 




. . 1 






1 




Lemon sole, 








2 


1 






2 


1 


1 




1 


1 . 


. 1 . 




9 




Witch soles, 










1 












• 






. ! . 




1 




Long rough dabs. 




3 


16 


20 


15 
















• 1 . 


. 1 , 






53 




Common dabs. . 




15 


27 


28 


6 




1 












• 1 • 1 • • 






73 




Anglers, . 










■ 




























tt3 


165 


























' so inches. 



t One 3 inches. 
H 28 inches. 



X One 3 inchcii 
*" Thi-cc 3 inches. 



g One 3 Inches. II One 28 and one 32 inches, 

ft One 30 and one 42 inches. 
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TABLE C— Rbcord of Observations made on Board the * Garland' during 1898. 
A. FISH CAUGHT— I. Moray FiRTa—contimud. 



station. 

Date, and 

Time 

Trawl 

down. 


Kind of Fhh. 


Size ik Inches. 


Total 


4 


5 


6 

+ 


7 


8 


9 


10 


V^ 


12 

+ 


18 14 

+ + 


15 16 

1 


17 

+ 


18 


19 

-f- 


20 

+ 


21 

+ 


23 

+ 


25 

+ 


Nov. 17. 
10-45 n.m. 

to 
11-10 a.m. 

Station 
XL 

May 19. 

5-20 a.m. 

to 
7-15 a.m. 

Jnne 9. 
4-80 p.m. 

to 
6-35 pm. 

Stetion 

zn. 

May 18. 
4-25 p.m. 

to 
6-25 p.m. 

June 10. 
3-45 a.m. 

to 
5-50 a.m. 


Cod, . . . 
Haddocks, . 
Whitings, . . 
Brassle, . 
Hake, 
Common 

gurnards. 
Sail fluke,. 
Witch soles. 
Lemon soles, 
Long rough dnbs, 
Common dabs, . 
Thomback skate, 
Fuller's ray, 
Stany ray, 
Anglers, 
Plaice, 

Cod, . 
Haddocks, . 
Com. gunianls, . 
Catfitih, . 
Dragonet, . 
Poggc 
Plaice, 

Long rough dabs, 
Common dabs, . 
Lemon soles, 
Solenette, . 

Cod, . 
Hake, 

WhiUngs, . 
Com. gurnards, . 
Red gurnard, . 
Anglers, . 
Dragonet, . 
Plaice, . . 
Lemon soles, 
Long rough dabs. 
Common dabs, . 

Cod, . . . 
Haddock, . 
Com. gurnards, . 
Angler, 
Dragonets, . 
Plaice, 
Lemon sole. 
Common dabs, . 

Cod, . 
Haddocks, . 
Whitings, . 
Catfish, . 
Com. gurnards, 
Plaice, 
Lemon soles, 
Common dabn, . 


3 

3 


4 

1*5 

58 

37 
37 


12 

4 
21 

60 

31 

1 

. 
31 

! 

10 

2 
64 

2*1 

2 

6 

2 
25 


• 
1 

5 

1 

1*0 
33 

a 
1 

8 

1 
3 

« 

4 
2 
25 

1 
2 

40 

1 

80 


15 

2 
2 

2 

2 
3 

1*2 

8 
26 

87 

8 

1 


8 
11 

5 

5 

1 

2 
2 

1*4 

2 
32 

1 

55 
1 


20 
2 

*8 
3 

67 

1 


1 

14 

S 
1 

4 

3 

1 
2 

1 
1 

*8 
2*3 


1 
3 
2 

1 

. 
• 

4 
2 

. 
1 

"l 


1 

2 . 
1 1 

1 

*2 ; 

2 

1 
1 '. 

; i 


1 

1 
1 

1 

' 

1 
2 

2 
4 

9 

'. 

'l 

• 


1 

'2 

1 
1 

"1 
'1 

1 
"4 

2 
2 


1 

* 
1 

1 
2 

1 
2 


■ 


1 

1 

*1 


1 
1 

• 
1 




1 

1 


1 
1 

l 

1 


i 
42 

U 

1 
1 

41* 
1 

11 
11 
48 
119 
S 
» 
1 

s 
i 


SH 

1 

"r 

! 

1 

9 

n 




1 

1 

1 


2 

2 

1 


1 
2 




3 

'l 

2 
1 

*8 

1 

'9 


1 
2 

1 
2 

's 

1 

1 


9» 

4 
22 

72 
I 

i 

I 
5 
1< 
t 
••U4 

9 

1 
1 

» 

41* 

n 

6 

114 

5 

in 

IS 

68 

440l 



One 3 inches. 



t 28 inches. 
•j One 3 inches. 



t 32 inches. | Four 2 Inches, one 3 inches. || 3 Inches. 

*• One 8 inches. ft 44 Inches. 
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TABLE C. — Record of Observations made on Board the * Garland' during 1898. 
A. FISH CAUGHT— I. Moeay Firth— coiUinwe/f. 



Steiton, 












SiZK IN IN'CHES. 




Date, and 














Total. 


Time 


Kind of ibii. 








































TYiwl 




4 


fi 


6 


7 


S 


9 


10 


11 


12 


13 


14 


Id 


16 . 17 


18 


19 


20 


21 


28 


25 




Down. 




+ 


+ 


+ 


-t- 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 




SUtum. 














































▼TfT 




i 










































May 19. 


Cod, . 


' 








2 






1 


I 


2 




















7 


8-10 p.m. 


Haddocks, . 










H 




y 


6 


8 


3 


3 


5 


3 




1 


I 


. 






43 


to 


Com. gurnanls, . 














1 


1 


1 


1 




, 




. 1 ■ 




, 






11 


i-* p.m. 


Tliombeck skate, 


















. 






, 




• 1 • 




1 






1 




Plaice, 






















1 


I 


7 n 




1 


1 


1 






18 




Lemon soles, 










1 






, 


1 


1 


2 


G 


a . 














15 




Common dabs, . 




11 


8 


G 


2 






• 


' 








' 




* 




• 






28 


123 


June 9. 


Cod, . . . 












1 






























1 


ll^a.m. 


Whiting, . 


















1 












, , 










1 


to 


Com. gurnards, . 






1 




2 


H 


4 


» 


2 






















24 


1-0 p,ra. 


Dragonet, . 
Thorn back sknte, 
Plaice, 
Turbot, 
Lemon soles, 
Common tlabs, . 


2 


2 








1 

3 






• 






1 


i 

* 


\ 


2 








1 
1 


1 
1 
2 
1 

6 
20 

fi" 


Station 












































DV. 












































Mar 30. 


Cod, . 
















1 






2 
















1 


4* 


1 8-aOa.m. 


Haddocks, . 












b 




2 


2 


1 






. 














13 


1 ^ 


Com. gurnards, . 












8 


4 


1 




, 










. 










17 


I 8-30 a.m. 

1 


Anglers, 

Thomback skate. 
Plaice, 
Sail fluke, . 








. 




• 




; 


•. 


1 




1 


I 




1 

1 






\ 


1 


3 


3t 
2 

7 

1 




Lemon soles. 












3 


3 


1 


2 


1 




3 


\ 


1 . 












19 




Long rough dabs. 








3 




1 




, 










. 














9 




Common dab**, . 




24 




& 




2 




* 


• 


• 




■ 




• 












40 
115 














































^^^ 


Jane 9. 


C^)d. . , . 










































1 


6-55 a.ra. 


Haddocki*, . 














2 








1 






^ 














8 


to 


Whitings, . 














2 




























2 


R-55 a.m. 


Com. gurnards, . 
Anglers, . 
Brill, . 
Plaice, 
Lemon soles. 














1 


4 
1 




1 

1 


2 

1 


2 
2 


4 


1 






1 




\ 


1 


11 

It 

2 

6 
14 




Long rough dabs, 








































8 




Common dabs, . 




* 


11 
























* 












23 




76 














































•^^ 


Statton 














































IV. 














































May 19. 


Haddocks, . 




















1 








. 














4 


9-30s.ro. 


Com. gurnards, . 










A 




1 














, 














13 


to 


Catfish, , 








































1 


1| 


11.30 a.m. 


Dragonet, 
Plaice, 
Lemon soles. 
Long rough dabs, 
Common dabs, , 


22 


2 

50 


1 
2 


3 
2 


3 
2 




1 










2 




2 










. 




1 
5 
5 
10 












































170 










































^^mm 



* One 35 inches 



t One 30, one 35, and one 88 inches. 



\ 30 inches. 



9 35 inches. 
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TABLE C. — Rkcohd of Obsbrvations madb on Board the 'Garland' during 1898. 
A. FISH CAUGHT— I. Moray Fieth— con/in»/r(/. 



StAtlon, 

Date, and 

Time 

Trawl 

Down. 



I June 10. 
' 11-30 a.ni 

* ti 
1-50 p.m. 



Statloii 
XVL 

May 18. 
9-.W a.m. 

to 
11.4"i a.m 



Kind of Kisli. 



June 10. 
7-0 a.m. 

to 
9-0 a.m. 



Cotl, . 
lladdockH, . 
Whitings, . 
Cora, gurnards, . 
IMalco, 
Lemon soles, 
Long rough dnbH, 
Common dabs, . 



Haddocks, . 
Hake, . 

Com. gumanls, . 
Anglers, . 
Thornback skate. 
Grey skate, 
Starry ray. 
Witch soles, 
Long rough dabs, 
Common dabs, . 



Size in Inchks. 



Catfish, . 
Hake, . 
Haddocks, . 
Whitings, . 
Com. gurnard.'*, . 
Grey skate, 
Starry ray, . , 
Long rough dabs. 
Common dabs, . 



14 15 16 17 
+ I + I + 1 + ! 

! I ! ' 



20 21 

+ i + 



II. Aberdeen' Bay. 



'Station I. 



April 27. 
2-4') p.m. 

to 
3-45 p.m. 



SUtion 
U. 

May 8. 
12-80 p.m. 

to 
1-45 p.m. 



Plaice, 
Common dabs, 



Plaice, , . ! . . 
Common dabs, . . | 7 26 
Long rough dabs, | • I • 
Lemon soles, ... 

Cod, . . . . ; . 

Haddocka, . . , . • i 1 
Whitings, . I - - I - 

Common 

gurnards, 
Angler, 
Herring, 1 



2 1 



•,Onc 30 inches. 



t 40 inches. 



}6f inches. 



1 
25! 

2 t 
U ' 

4 * 
15! 

3| 

6y I 



I 187 



32 
1 

18 
2' 

1 I 
1 

2 i 

3 I 
78 
64 



It 

2 

4 

2 I 
19 

2 

2 
107 
129 



368 



1 ; . . 

1 J 



35 
14 



17 

30 { 



13 

1 
IJ 



184 
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TABLE C. — Record op Ohskrvations made on Board the * Garland' durtko 1898. 
A. FISH CAUdHT— II. AniSRDEBN KKY—continwd. 



StetloD. 
DBte,aiid 


Kind of Klsh. 








SiZK IN InCH*-S. 




Time 
Tniwl 


4 

-t- 


5 6 

+ + 


7 


8 

+ 


9 

+ 


10 

+ 


11 


12 

+ 


13 14 


15 


16 

H- 


17 


18 

+ 


19 

+ 


20 

+ 


21 2H 

+ -f. 


25 


Total. 


Station 

ra. 

May 4. 

10-35 a.m. 

to 

, 12-10 p.m. 

1 
SUtion 

rv. 

Hay 4. 

1-2* p.m. 

to 
2^ p.ni, 

8t*tlon 
V. 

11-45 a.m. 

to 
1-80 p.ni. 

Station 
VI. 

May 5. 

2-10 p.m. 

to 

' .Station 

1 vn, 

Mayfl. 

;>-55 p m. 

to 
6-^5 p.m. 


Cod, . 
Haddocks. . 
Whhlngs, . 
Common 

gnrnftrd. 
Plaice, 
Lemon sole. 
Long rough dalw, 
Common dabs, . 
Halibut, . 
Flounder, . 

Cod, . 
Haddocks, . 
Whitings, . 
Plaice, 
Lemon sole, 
Common dabs, . 
LonK rough dabs, 

Cod, . . . 
Whitings, . 
Common 

gurnards. 
Plaice, 
Lemon sole, 
Coniraoo dabs, . 

Haddocks, . 
Whitings, , 
Common 

guniards. 
Plaice, 
Lemon sole, 
Common dabs, . 
Long rough dabs, 
Thomback skate. 

Cod, . 
Hndducks, , 
Whitings, . 
Common 

gurnards. 
Plaice, 
Lemon sole, 
Common dabs, . 
Grey skate, 


' 


* 
10 

42 

1 
1 


7 
22 

1*8 

I 
47 

4 

I 

8 


27 

I'e 

3 

2 
1>. 

7 
5ft 

11 
5 

1 
4 

1 
2 


1 

2 
2 
1 
2 

12 

3 

!» 

4 

:l*4 

1 
7 

1 
2 

6 
1 

3 


2 
6 

1 

3 
3 
1 
6 
8 

14 

4 


M 
2 

1 

V 

5 

4 

"l 

1 

B 

1 
8 

I 
2 


2 

5 
1 
I 
1 

1 

5 
5 

1 
I 

1 

2 


13 

4 
» 

I 

■ 

b 
1 

2 

* 

i 


2 
3 

h 


3 
4 

3 

*(( 

I 
4 

2 
1 


b 
1 

V 

2 


2 

I 
1 


1 
1 


1 




• 


• 


• 




3 
74 
10 

18 

1 

3 
72 

1 

1 

184 

8 
10 

4 
22 

1 
99 

4 

143 

1*, 

4 1 

3e 

43 

1 

145 

230 

8 
20 

37 
17 

I 
14 

3 

i 

101 

2 

4 

3 
5 
1 

10 
2 






( 




3 



















1 





" 



80 Inchei. 
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TAl^LE C. — Record of Observations madk on Board the 'Garland' during 1898. 
A. FISH CAUGHT— II. Aberdeen Bay— rowtf/mer/. 



Station, 

Date, and 

lime 

Trawl 

Down. 


Kind of Fish. 


SiZF 


IN 


Ikcbiw. 




4 
+ 


5 

+ 


a 

+ 


7 8 

+ + 


9 
+ 


10 

+ 

2 


11 

+ 

3 

1 

1 

2 


13 

2 

1 


13 

+ 

18 


14 

+ 

2 

1 

1 
2 


15 

+ 

I 
3 

2 


le 

+ 

1 




18 

+ 


19 

+ 


20 


21 

+ 


23 

+ 


25 


Total.! 


Isutioa I. 

Night 
Haul. 

May A. 
d.« p.m. 

to 
11-20 p.m. 

1 
1 


Cod. . 
Haddocks, . 

\VhltlnR«, . 
Ling, . 
Common 

gui-nard, 
Poor- cod, , 
Plnice, 
Lemon soles. 
Common dab, . 
Sail fluke, . 
Grey skate, 
Thornback skate. 


i •■ 

i 

1 


1 


34 


1 • 
138 ! 16 

. 11 

1 

2 . 

; 1 : 
1 


3 

23 


! 






• 




14 

2i«; 

39 

2 

1 ^ 
1 288 



III. Firth of Clyde. 



Btation X. 

Aug. 23. 
8-10 a.m. 

to : 

MSt.m. 1 

Dec. 16. 
1-40 p.m. 

to 
S.27p.ra. 


Cod, . 

Haddocks, . ' 
Whitings, . 
Biassie, . 
Hake, . 
Conger, 

Ung, . . . 1 
Ntu'se-botuid, 
Thoi-nback &knte, 
(Jrey skate. 
Bed gurnards, . 
Common 

gurnards, 
Lemon soles, 
Long rough dabs. 
Common dabs, . 

Cod. . . . 
Haddocks, . 
WhitlngB, . 
Braesie, . 
Hake, 

Argentines, 
Common 

gurnard. 
Angler, 

Black 'sole»', ! 
Lent on soles^ 
WUch Boles, 
I^ng rough dabs-, 
Common dabs, . 
Grey skate, 
Thoniback .tkate, 
Cuckoo ray. 
Rough-hound, . 


1 


; 1 

23 

3 
4 

2 
1 


1 

5 

8 

2 
22 

3 
15 


V 

14 
10 

lb 

I'l 
1 

1 


1*1 

.'* 
2 

i 

2 

•J 

\ 


I 
A 

l 



1 
J 


I 
1 

1 

6 
3 

4 

3 

1 
1 

i 


2 

b 
1 

1 

1 

1 

1 


2 

2 

1 

ft 

1 
2 


2 

'. 

1 
Vi 

1 

1 


1 

■ 

1 
2 

H 


1 

! 

: 

' 1 


* 
• 

1 


1 
1 


1 


1 


* 
• 


• 

• 
• 




* 


1 
»t 

6 
3 
19 

8 
It 

IJ 

t> 
32 

4 

n 

10 

2 

69 


189 

U 
t 
4 

^n 

ttl 

1 

"J 

1« 

r 

8 
8 

»l 

s 

m 

186 



' 46 InehM. t One 28 lucheij. J 48 Inches. § 44 inches. || 28 inches. % Seven 3 Inches. •• One 8 Inches. 
ft 3 inches. ;% 3 Inches. |§ One a.'i Inches. |||| 28 hichci. 
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TABLE C— Record of Obsprvatigns madb on Board thk * Garland ' during 1898. 
A. FISH CAUGHT— III. Firth of ChYioK-^oiUhive^, 



station, 
















Size is 


Inchks. 














Date, and 






















Time 


Kind of Fish. 


- - 


■ — - 













— 


Total 


Trawl 




^, 


6 


6 


7 


« 8 


; 9 10 11 12 


13 14 15 1 16 , 17 1 18 19 20 


21 23 2.> 




down. 




+ 


+ 


+ 


-1- 


+ 


' + + -f + 


+ + + 4 + ' 4- + 


+ 


+ + 1 + 




Stetionll. 










• 1 






1 




Aug. 34. 


Ling, . 



















; 
1 • 




1 


!• 


JJ-20p.m. 


Com. gurnard, . 






1 












. 1 . 






1 


to 


Plaice, 




. 










I 




. ! . 




. 


1 . 


1 


4.3r, p.m. 


Long rongh dab», 
Conunon dabs, . 




I 


I 


l 
1 


• 




. 




. . 








4 
















I 






















16 


I>ec. 9. 


Haddocks, . 








2 




. 






3 


« 


.*) 


2 1 










1 

1 


! 


IH 


9-1-2 a.m. 


Whitlnps, . 










1 




1 1 


I 
















4 


to 


Brasfile, 


'2 




I 


3 































10-3« a.m. 


Poor-cod, . 


1 
































J 




Hake, . 


















3 





. ' . 


1 




1 




10 




Com. gurnards, . 


. 




3 






1 , 










• 






1 


4t 




Argentineti, 






1 






• 1 • 








. 1 . 










• 1 • 


iJt 




Dory, . , 






• 






1 1 . 










. 1 . 










1 




Turbot, 




















. 


• 1 . 








1 


1 




Plaice, 












1 1 1 ' 2 




3 ! 2 [ . ; 1 


si 7 ' 2 


2 


2 


I 


2!) 




Witch soles. 














1 


14 III 








_ 8 




Lemon soles, 
















1 










. 1 . < . 


• 




2 




Long rough dabs, 




3 








. 




, 








' 






, 




• 






3 




Common dabs, . 


*K 


20 


« 


13 


5 


1 














. 












. 


bZ 


Station 


Thomback skat*, 


• 














1 




















. 


• 


2 




1 
1 


1 


i 


146 




m. 














1 


















1 






Ang. 24. 


Whitings, . 












4 2 


4 




1 








' 








11 


12-W p.m. 


Haddocks, . 


, 










1 . 




1 12 








• ' . i . 


14 


to 


Brassie, 








. 


1 














1 


1 


2-15 p.m. 


Com. gurnards, . 
Dragonet, . 
Anglers, . 








2 


* 


. 2 1 

11,1. 




1 . . . 








7 
] 1 


















1 


• ill. 




1 


. ; 1 1 


4 




Hake, . 










2 








. i . 1 3 


1 21 




40 7 2 


77 




Thomback skate, 














] 


. 












1 




Plaice, 




















1 1 . 






1 


2 




Lemon soles. 








1 




3 ' . 3 








. ' 1 ; . 








8 




Witch uoles, 










1 


4 « 


10 


1 


12 


21 ill 


. ' . 


. 


• ' . 


57 




Long rough dabs, 




3 


10 


43 


24 


7 . 




1 


... 














87 










270 


Dec. 8. 


Cod, . 


3 






1 








. 
















. 


, 








4 


12-25 p.m. 


Whitings, . 












• 




4 


3 


2 


4 




















13 


to 


Brassle, . 


*3 




4 


1 




3 , 1 , . 
























12 


J-0 p.m. 


HaddiK-ko, . 
Poor-cod, . 
Hake, 


8 




*8 






. i • ' . 


.* 


1 1 

8 ' \ 




] 




• 1 • 
8 1 . 


14 


b ; 6 


12 


4 
218 

53 




Angler, 


























. 






1 


1 




LipartJt miXgaris, 


























• 










H 




Argentine*^ 








1 


1 












. 


. 










2 




Piked dog-flsh, . 












• 1 • 












. ! 3 










3 




Plaice, . . 












1 












1 ' . . 






2 


2 


5 




Lemon soles. 














2 




1 2 
















6 




Witch soles. 












. ir. 


18 


24 


48 21 


34 




. 1 27 : . I . 








187 




Grey skate. 


• 


















. t . . 


1 








1 




Thomback skate, 












1 1 • 


. 




1 


. 1 . 








1 


3 




Long rough dabs, 




47 

1 


7 


2 


4 


2 1 . 


. ! . 




• 1 • 












1163 






, 


, i ' 




883 


• 




















1 









' W inches. f (Jne 3 Inches. | Two 2 Inches. 9 Five 3 Inches. || 2 Inchei*. «1 One 8 Inches. 
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TABLE C— Record of Obskbvations madk on Board the 'Garland' during 1898. 
A. FISH CAUGHT-III. Firth of Clyde— con/iM«^:rf. 



station, 

Diitcuand 

Timd 

Tr»wl 

I down. 



IV. 



I Aug. 24. 
1M8 a.m. 

to 
11-66 a.m. 



Dec. 8. 
10-40 a. m. 

to 
11-20 a.m, 



iStation Y. 



I Aug. 81. 
1 10-85 am, 
I to 
11 50a.m, 



I 



Dec. 14. 
1-68 p.m. 

to 
2-46 p.m. 



Station 
VI 

Aug. 26. 
2-60 p. m. 

to 
4-40 p. m. 



Kind of Fiih. 



Hake, . 

Com. gurnards, . 
Anglers, . 
Thoiiiback skate. 
Lemon soles. 
Witch soles. 
Long rough dabs 
Common dab, . 



Cod, . 
Haddocks, 
Whitings, 
Brassie, 
Hake,. 
Angler, 
Witch soles, 
Piked dog-flsb, 
Tliomback skate, 
Long rough dabs, 
Lemon soles, 



Com. gumaxds, . 
Dragonets, 
Thomback skate. 
Lemon soles. 
Long rough dab, 
Common dabs, . 



Haddocks, . 
Whiting, . 
Hake,. 
Red gurnard. 
Com. gurnards, 
Lemon soles. 
Witch soles. 
Long rough dab, 
Thomback skate, 
Common dabs, . 



Cod, . 
Ung, . 

Com. gurnards. 
Anglers, . 
Thomback skate, 
Raia ntaetdata, 
Cuckoo rays. 
Grey skate, 
Black soles, 
Turbot, . 
Solenctte, . 
Lemon soles, 
Brassie, 
Dory,. 
Dragonet, 
Conger, 
Common dabe. 



* One S Inches 



Size im Inches. 



6 I 7 



12 I 13 14 16 16 17 

+ i -I- I + + + i + 



1.261 



I 



5 i 2 ■ 4 3 

. ' . . 1 . 



I 2 

I 1 



• I 1 



1 i 
1 I 4 



19 20 

+ -f- 



I • ' 



1 

1 1*2 

2 *8 



4 , 

6 ' 

1 . I 



t Three 2, one 3 inches. % One 8 inches. 
** One SO inches. 



/ 



28 '25 

+ . + 



2 ; 1 



I 30 inches, 
ft 51 inches. 



H One 28 Inches. If One 86 inches. 
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TABLE C. — Record of Observations made on Board the 'Garland' during 1898. 
A. FISH CAUGHT— III. Firth op ChYDv.—c(mtinued. 



Station, 






Size ik Inches. 




Date, anc 
Time 


I 

Kind of FiHh. 








1 1 ' 














1 


1 


1 Total 


Trawl 




4 I 6 1 6 


7 


8 


9 


10 


11 


13 


18 


14 


U IS 17 18 ID 


20 3i 38 35 


down. 




+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ + + + + 


+ + + ' + 


Dec, 15. 


Cod, . 












1 
















11-7 am. 


Whitings, . 
















. 


3 




3 






to ; Umi.l/t^tf« 


















t 


1 








1«5 p.m. 


Brasj^ie, 


1 














' . 




, 








Hake . 






, 






, 




I 


. 


3 1 . 








Cora, garnurds, . 


, 


3 


. 






1 




3 


3 


. 4 




17 




Witch sole, 


. 




, 












1 












Lemon >Q\f:.%, 
Black soles, 






4 






1 




• 


1 








14 












Common dabs, . 






N 




i3 








, 








30 




Thoraback skate. 
















1 


8 








1 11 




Cuckoo rav, 
















1 














Piked dog-fisli, . 






, 












, 






* 




Station 
VII. 

Septt 6, 


Nurse-Uound, . 
















■ 












- 97 


Cod, . 


























1* 


4-0 p.m. 


Hake, 
























1 . . . . 


13 


to 


Bm74slc, 


. 




I 




















1 


5-50 p.m. 


Com. jirurnatd, . 
Ked gurnard, 
poor-cod, - 
Piked dog-flsh, . 
Thornfaack skate. 
Lemon soles, 
Witch soles, 
Long rough dab, 
Common dabs, . 




1 


3 

8 


11 

S 


1 


1 

• 


. 


1 


3 






\ [ '. '. 


. . . . 22 
1 

: : : : !! 

1 . 7 
3 
fi 
I 

8 




65 






























^m^m 


Jan. 17. 


Haddocks, . 












^ 








3 


3 




. . . . 4 


1-40 p,m. 


Hake, . . . 
Whlrfngs, . 












, 






1 




. 




. . . . 1 


ti- 




1 


1 






, 






13 




3 




37 


3-37 p.m. 


BraAsle, . 
Ling, . . . 
Argentine y 
Com, gurnanN, . 
Black Hole, 
Witch soles, 
PhUce, 
Common dabs, . 




1 


2 

1 






1 
8 




1*8 
1 


I'a 


83 
1 


U 1 
1 . 


1 . . . 


.... 8 

: : : : {» 

n 
1 

87 
. . . . 8 
. . . . 18 




Lotig rough dabs, 


1 


1 


J 






, 






• 




7 




Tliornback skate, 












I 




t 1 


• 




6 




Fnller s ray, 










• 


• 


■ 


* 




• 


• 




. . . 1 


Night 


161 


TrawL 




























^^^M 


Sept, 28. 


Cod, , 






, 














. 




1 . . . . 


. . . . 3y 


11-47 p. m. 


Hake, . . . 




. 


. 






I 












i . 1 . . 


4 


to 


Haddocks, . 






, 










! 


h 


8 


8 




(3 


l-Wa.ni. 


Brasale, . 

Conger, 

Anglers, 




3 


1 














• 






3 

. . . . m 






















, 




. . . 1 


. . 1 . 2 




Thomback skate. 


2 




I 


















I . . . . 


6 




Lemon solea, 




. 








1 














, . '.' 




Common dabs, . 


' 


n 


36 




* 


• 








* 






76 


Night 
Trawl, 


lOS 






























Jan. 24. 


Haddocks, . 


, 


, 


, 














, 


. 


I . } . . 


2 


rt-45 p.m. 


Brassle, 




, 


1 










. 




, 


. 


. 


7 


to 


Wliltings, . 




. 


1 






3 




If 


3 2. ! 


» . . . . 


35 


8-80 p.m. 


Poor-cod, - 
Hake, . . 


3 


i 














\ . . I 




••3 
3 




Thomhack skate, 




I 
















. 1 . • 


. 


. . . . 3 




HrUl, . 


. 














, 






1 


I . ' 1 ' 


3 




Witch soles. 




, 












7 


7 


8 


7 


ii i , . .1 


. . . . 41 




Plaice, 




. 












, 


1 




. . 1 . , . I - i . 1 


. . . 1 




Common dab, . 


, 


I 












, 




. 


• 1 • 


• • * 


. . . 1 




Long roogh dabs, 


1 


a 


6 
















' 1 * 


.... 


84 


191 






t 




1 ; 1 


1 




' 



Inches. t 8 inches. \ 80 inches. f 49 Inches. 



1 One 80 , one 87 inches. 5 44 inchea. •• One 3 inches. 
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TABLE C. — Record of Observations made on Board the * Garland* during 1898. 
A. FISH CAUGHT— III. Firth of Clyde— corUinutd. 



SUUon, 










SiZK IN Inches. 


















1 
1 


I>ate,and 






Time 


Kind of Fish. 


I 1 1 1 1 ' 1 11 '^■"'**^-| 


Trawl 




4 .'. 1 6 7 8 1 » 1 10 1 11 1 12 18 ; 14 16 1 lb 17 18 19 . 20 21 , 28 | 26 | 


down. 




+ + + f- + 


+ 1 + 1 + 

1 ; 


+ '+ + -f'+ + 4-;+ + + + + 

1 ' . 


StatUm 




; ! 


1 i 


' 1 1 


VIII. 




; ' ■ 1 ' i 


' ' 1 


Sept. 7. 


Herring, . 


... . ' . . ' . . i 


. .; i. .'.'. . 


li.45 p.m. 


Haddocks, . 


3 . '. . '. ; '. ! ' ! 


. ' . i 1 . . . . 2 


to 


Poor-cod, . 


« , . . . • ; • • • . . . 1 • • ■ 8tl 


2-15 p.m. 


Whiting, . 




. , . , . . 1 . . . ; . . . , . I 




Cod, . . . 


'. . . '. 2 *. 


. 1 . ' . . . ... . 1 . : . . ; . 3t 




GobiuM minutus. 




... . . 8| 




Com. gnmards, . 


. . ] '. '. '. 1 '. 


22 b 




Three-bearded 


1 


' 




rockling, 


. 1 . 3 , . . 1 . .1 


.1 1 . . . . 3 




Nurse-hoimd, . 


■ ' 


. , . 1 . . . ... .{.,.;. . 8t 




Thombttck skate, 


' ' . * ' * 1 " * 1 " 


.1.1. . ! . . 1 . 1 ' . 1 . ^ . i a 




Piked (iog-tlsh, 


< . ' ' * 1 ■ 


2 j I ; . 1 1 . . 1 . ... . • i . 1 4 




Araeniinen, 
Hake, . 


1 4 '. I '. '. '. '. 


. ' . 1 . . ' . . ' . . ■ . 1 . . ' . 5 




. 1 . . . . 1 . 


. ' . . 11. . . . 1 . i . . . •IS 




Sail flukes,. 




. . . . 3 . . . ' . . 1 . . '3 




Witch Boles, 


. '. l '. 'Z 4 6 


1-' . 1 . 1 . . . i . i . . 1 . ' . ' 15 




Lemon sole, 


' 1 
1 


. 1 . , . . . . j . , . . ^ . , . 

1 ' . 1 ! 


1 


53 






: , : , i 1 : : — 1 


Night 






; ' ; 1 


Trawl. 








Sept 23. 


Hake, . . . 




' 1 . . . 1 


s-45p.m. 


Brossle, 


. 1 . . ' 


. • . ' I . 1 . i . , . **i 


to 


Poor-cod, . 


1 • . . '. 


..,.!.. tti 


1 10-30 p.m. 


Conger, 


' . 


• . . . «i 




Thomback skat4.>, 


2 ... 1 I ! ; 


34 2 . . . 1 . . ! . i 3 . ^§19 




Sail fluke, . 


. t . . < . 






Witch soles, 


. . ! ' . 3 3 >, 3 


i i. ■ : ' , : : : :;:;:;: j : ^ n 

\ I '' 48 






1 , '1 [ \ ! "^"^ 


1 
Dec. 17. 


Cod, . 




; 1 


1 


8-16 a.m. 


HaddockK, . 








1 .11 3 1 






1 


1 




1 






9 


to 


BrasBle, 


3 




1 : ' : 


. i . 1 . 






1 






t 






III; 5 


!0.10a.m 


Hake, 
Argentines, 






. i . t 


. ; 6 3 2 : . 






' 






• 




' 


11 

•111 2 




Com. gurnard, , 






1 1 7 42 1 47 


4C 11 1 2K (J 6 . 1 














1 


194 




Poor-cod, . 


2 


1 • 1 . 


' j 


, 














*»'4 




Aniflers, 




• 


'. '. '. '. '. '. 1 


1 














tttl 




lied gumardix, . 




3 


3 4. . 12! 


2 














15 


1 


Piked dog-flsli, . 






















♦♦J4 




Thomback j»kato. 




1 2 


'. '. 1 2 1 ! i 












1 


1 


y 




Cuckoo rays, 




1 


1 1 














2 




Sail flukes, . 




'. '. '. ^ 


12. 312.11 






i 








11 




Witch soles, 






2 . 12 3 11 « « , • 1 














37 


1 


Hlack soles, 




1 
















2 


1 


Whitings, . 




• ■ ^ 


2 ! " ' '. '. . \ '. 














4 


I 


Common dab, 


















I 






; ' ~n2~ 






1 1 — ^ 


; N'ight 






1 Tmwl. 




' ' 


! 18U9. 




j 


.Tan. 17. 


Haddocks, . 


1 1 .... 1 1 1 A 


i .V46p.m. 


WhlUngn, . 




4 43 24 . 3 . . . 2 1 








1 






j 


7« 1 


1 *** 


Hake. . 




3 10 . . 


\ 














13 


7-40 p.m. 


Anglers, 








' 














2 




Red gurnards, . 






'. 1 1 ! '. \ 


















Com. gurnards, . 




4 ! 


'* 4 . . ' . 
















8 




Bra«»le, 
















' 






il 

15 , 




Poor-cod, . 


3 


12 


















1 . 


Thomback skate, 


1 


. . . I . . ; 1 : : ! 










1 






4 

I 


1 


Cuckoo ray, 




I 
















1 


Wit^h soles. 




. . 7 13 tf '« 10 . S 


















47 


' 














; 


^ ; 1 




1 




1 




1 






173 



.*; Inches. f Two 3 Inches. J One 3 Inches. 9 J Inches. I 2K Inches. •! One 36 inches. •^ 3 Inches. 
1 : 35 Inches. «$ Two 28 Inches. |||| One 3 Inches. •(li 3 inches. '•♦ One 3 Inches, 

JU Two 26, one 28, one 30 Inchc . §fS 30 Inches. 



ft 8 



inche.s 
incho. 



Digitized by 



Google 



of the Fishery Board foi^ Scotland. 49 

TABLE C. — Rkcord of Observations madb on Board thb * Garland ' during 1898. 
A. FISH CAUGHT— III. Firth of Clyde— <k>n^inii«rf. 



station. 
















SiZK IN 


IMCHKS. 
































Date, and 


Kind of Fish. 
























Total. 


Time 






1 1 




i 












i 




1 


Trawl 


4 5 6 1 7 i f 


i 


9 { 10 


U 


12 


13 


1 14 


15 ,16 17 ; 18 


19 20 21 


28 25 




down. 


H 


H +, + i+|- 


1- 


+ -f 


+ 


+ 


-f 


+ 


+ ,+ +1 + 


+ , + ,+ 


4- 


+ 




Station 










1 
1 




i 












t 
















IX. 














! 












i 
















Aug. 31. 


Cod, . . . 












• 










. 


1 \ 












2* 


1.85 p.m. 


Haddocks, . 








1 . 




1 






1 


1 




. 1 . . - . 








2 

1 

It 

lOJ 


to 


Whiting, . 








1 . 






1 




• 






1 1 


' 1 ' ' * 


• 




3-28 p.m. 


Conger, . 
Hake, . . 








. 


2 


: ' 


1 






• 


4 


. . 1 . t 1 


• 1 • 1 • 


* 






Angler, 

Com. gumai-ds, . 








7 


5 


24 20 


Ill 


95 


132 


1*4 


: : 1 : 




. 1 . 

• i • , • 


• 1 • 

• i • 


408 
14 




Brassle, . 
Piked d0K-fl8h, . 


, 




1 


2 


2 








. 




. 


• • 1 • 




















. 










1 






* 1 * 't 






1 




Thornback skate. 












1 


i 










1 . ' . 


I 


. 1 . , 1 


2 


• 


1011 




Qrey skate. 








' . 
















\ * 1 * 




. 1 . 






1 




Cuckoo ray, 








. 




. 














• 




• 










Sail flukes, 












• 1 










1 




• • 












2 




Lemon soles. 








1 


















• • 








• 






Witch soles. 










1 


6 


8 






2 


2 


. . . 




. 1 . 








21 




Long rough dabs, 




1 




4 




• 




• 








' r 1 * 




1 










482 












i 
















1 








: 


—■" 


1899. 










1 
















' 








' 




Jan. 17. 


Whitings, . 








31 




1* 1 


i 


^ 


. 






. 1 . 




















50 


9-37 a.m. 


Braasie. . . 








1 ' 1 




. 1 




. 
















1 








• 1 






to 


Poor-cod, . 


i IS 








. 1 




. 




























ll.«Oa.m. 


Hake, . 


j 












. 




b 


3 


• 1 • ; 


1 




1 










tl6 
«4 

2 

ftl 

7 

31 

6 

1 




Argentines, 


1 ! 




' . 




. ' 
















1 














Anglers, . 




1 






• 1 




• 


*■ 






• ' • ' 




t 














Conger, . 
















• 






... 1 


















Red gurnards, . 




1 






• 




2 


. 


3 


. 


^ : ^ ' • i 




j 
















Com. gui-nards, . 


1 


1 


1 . 


1 


4 . 


2 


4 


16 


4 
























Thornback skate, 














1 




I 


1 


1 1 i 




1 
















Plaice, . . 














. 




. 




. 1 . ! • t 




















Black sole, 






' . 








. 


























1 




Witch soles. 








1 


6 




10 


2 


13 


5 


• J • 1 • 1 






















Long rough dabs, 


1 




1 2 
















. 1 . 


















13 




Common dubs, . 


b 


I 


4 




, ' 




. 




. 
























ZeugopttnUf sp.? 


1 








' 1 












. ; . 1 . . 1 . 








1 
1 


1 


Station X. 


1 


1 




191 


! 1 




Aug. J5. 


Hake, 






i 






1 













. . ' . 


1 


11-Oa.m. 


Com, gurnards, . 






1 11 1 


2 


1 


1 












. ' . 


26 


to 


Angler, 










. ' 












. ^ . . 1 . 


• , • 1 • 


1 


MO p.m. 


Thoniback skate, 










1 




. 




3 






. , . 1 . 


6 


^ 


Cuckoo ray, 
Black sole. 


1 


i 


1 : 






1 




* 






I, . , • 






2 




Lemon soles, 








3 


1 


, 




. 






• 


. . { . . 1 . 


• 1 • 


4 1 




(Common dabs, . 








7 10 
















. 1 . . . . , . 

1 I 1 ' 


1 


17 




58 


1899. 






Jan. IC. 


Haddocks, . 


2 


[ ' , 


2 




. 






3 


. 


5 


1 1 . 


. . , . 1 . 




* ' 




ni8 


11-50 a.m 


Whitings, . 


1 


4 


1 6 6 


3 


. ' 




43 




12 




2 . 




. I 


' 


• , 




130 


to 


Brasaie, . 










. ( 






. 








• 










4 


1-30 p. m. 


Poor-cod, . 


6 


4 




























. 




10 




Hake, 




1 


. 










48 


88 


13 


4 


2 2 








8 


M108 




Thornback skate. 




i 


1 1 . 




• I 






. 


1 




1 1 . i . 


1 










4 




Fuller's ray. 






' . 










. 






1 






1 




1 




S 




Argentinet. 






I 




. 1 






















. 1 




II 112 
4 




Black soles, 










. 






1 


1 




1 1 
















Lemon soles, 










1 






. 




















2 




Witch soles. 










« 1 1 


8 




13 


18 


17 


2 . 














64 




I^ng rough dabs, 


4 




3 . 






























7 




Common dabs, . 






2 . 




1 












i i 




2 


858 



• One 81, one 32 inches. t 35 inches. J One 30, one 3"» inches. f 28 Inches. Two 28 Inches. ^ One over 40 Inches. 
*• Three 3 Inches. tt 48 inchen. U 3 inche-. f { Two over 26 inches. || li One 3 Inches. 
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TABLE C. — Record of Observations made on Board the * Garland' during 1898. 
A. FISH CAUGHT— III. Firth of Clyde— con^inu^. 




f >nc ?6, one 28, and one 85 inches. f 26 Inches. | One 3 incheR. | One 26, three 28, one 20, one 89, one 40, 

niid one 44 Inches. (| One 8 inches. ^ 46 inches. •• 30 inches. ft One 3 inches. tt Oiie SO, two 3C, and one 
38 incliei*. $§ Onr. 28 inches. 
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TABLE C. — ^Record of Obsbrvations made on Board the 'Garland' during 1898. 
A. FISH CAUGHT— III. Firth of Clyde— cotUinued. 



T)l 



station. 


















Size in 


INCHK9 


































Date, and 




















Time Kind of Fkli. 


\ 






1 




1 








Tot^il 


Trawl 






1 6 : 


6 


7 


8 ' 


» 10 


11 12 


13 


14 15 16 


17 


18 , 19 1 20 21 23 2J 




down. 




-f 


^i 


+ 


4- 


+ + + 


+ ' + ' 


+ 


+ + 1 + + 


+ ' -f ' + 4- -f 4 




1899. 


Cod, . . . 




1 ' 


. 1 




1 
• 1 • 


i 






1 




' : 


. 




!• 


Jan 20. 


Whltlnjrn, . 




. ! 




1 


7 1 . 


. 






. 
























8 


10 24 a.m. 


Brassie, . 




I . 








1 . 


















• t 
















to 


Poor-cod, . 




3 . 




. 




































8f 


12-10 p.m. 


Hake, 






I 










15 


. 1 








3 




•''l 


•) 






2 




Z'iX 




Argentines, 




J i • 




I 




















' . 1 












2 




Red gunmnl. . 


































' 






1 




Com. gurnard, . 








' 






















. 1 














1 




Angler, 




. 






. 








• 1 


1 
























H 




Rockllng, sp. . 




1 . 






. 1 


1 ; . 






. 1 


1 
























1 




Thombock skate. 












. 






. 1 


1 




















1 




i|i 




Fuller** ray, 










' 












, 






1 


1 
















1 




PUice, 










. 1 


1 ' . 
































1 




Witch solca. 


I 


3 1 . 




4 


. 1 


8 . 


16 20 




19 




28 






















108 




Long rough dab:«, 




1 37 


67 


97 


144 6 


6 ! 4 


. 
















' . 
















40.5 


Night 


Black sole, 




1 






• 1 


!• 


I 

1 






. 








1 • 
















1 






1 




.■^78 


Trawl. 
































Jan. 23. 


Cod, . . . 




1 . 


. 




. 1 


t 








• 1 • 


1 






m 


6-0 p.m. 


Whitings, . 




8| . 




I 


18 i 












... . 1 . 






27 


to 


Brassic. . 






I 
















I.I. 








1 


7.55 p.in. 


Hake, 

Anglers, . 
Thomback skatt-. 




. 


] 




: 1 




4 

. 1 . 


3 


1 


; ' ; 


■ '! : 


. 




. 1 . 
. [ 1 


11 

••2 

2 




Witch soles, 












«! ; 6 


11 8 


19 


32 


I 


. 






83 




Lemon sole, 












1 










. . . 1 . 


. 






1 


Station 
XIII. 

Ang. 22. 


I>ong rough dabs, 
Cod, . 




•i 82 


2!» 


49 


!Hi 4 


1 








■(■ 


■ 1 • 1 • 






307 


435 




' 






t 
. 1 . 


2 


8-37 am. 


Whiting, . 






















. 




_ 


1 


to 


Herring, . 








. 














. 1 . 






t»l 


9-30 a.m. 


Hake, 
















. 


. 1 . 




. 1 . 




1 




Com. gurnards, . 








9 


1 


7 1 2 


1 1 




. 1 . 


. . ' . t . 1 . 




20 




Liparis vxiigarut 










• 1 








• 




• 




U2 




Thomback skate, 






. 












.11 . 


. 


. 1 . 


1 


2 




Plaice, 














. 1 3 


2 


13 3 2 


1 1 1 . 


, 




25 




Lemon sole, 














1 
















1 




Witch soles. 














1 




9 


8 




. ' . 




. 


. \ . 


19 




Long rough dab.<«, 




9 


14 


24 


24 2 


1 












. ' . 




. 1 . 


92 


l>«5. 6. 


Common dabs, . 
Cod, . 








2 


6 


1 








• 












8 


1 

. : I 






1 ' 1 


174 


.111.. 


6 


a no am. 


Haddocks, . 






4 




. 








1 


2 1 


1 i . 












9 


to 


WhlUngs, . 








1 




1 


.'* 


1 


1 


1 






















9«ll 


9-3-) ttin. 


BrasMc, 








1 






. I . 
















. 1 
















II 113 




Hake. 














3 1 . 






. 1 








1 


1 


















5 




Com. gurnards, . 










1 


2 1 


• 1 • 


































4 




Argentine, 




. 






1 1 




. i . 




















1 










1 




Lemon soles, 














• 1 • 














1 
















1 




Witch soles, 














7 1 2 


2 


3 
























15 




Long rough dabs, 




1 






































1 








1 


3 


h 












1 






1 












10 


1 


Thomback skate, 


















• 1 




1 












1 








Station 






















1 1 

1 










67 


XIV. 
AQg. 22. 


Cod, . 




• ! • 






1 
• 1 


J 






1 
















2 


9^h.m. 


Saithe, 




; 






. 








.'.1.1. 1-2 








3 


to 


Haddock, . 






• 












.,.11 








1 


11-Oa.m. 


Hake, 


























2 




Whiting, . 




. 


. 






1 








* 1 




1 




Com. gurnards, . 






2 




'« 


7 2 












17 




Plaice. . . 










. 






1 


b . . 1 . . 


. 1 • 




7 




Witch soles. 














2 , 10 


11 


16 -' . 1 . . . 




1 


40 




Common dab«, . 






2 




6 












' 


8 




Long rough daba, 




4 


22 


60 


29 


1 






. 1 . . 


, 


• 




• 1 • 


116 










! 






























197 



* 38 inches. t Five 3 inches t Three 26, one 28 inches. | 35 Inches. || One betwf^ii 2 and 3 inches, and one 26 
laches. ^ .38 Inches. •• 28 inches. ft 3 Inches. H 2^ inches. ff One 3 inches. ilj One 8 inches. 



Digitized by 



Google 



52 Part III. — SeventeeTUh Anmutl Report 

TABLE C. — Rbcohd of Observations made on Board the 'Garland' during 1898. 
A. FISH CAUGHT— III. Firth ok QLYii\s.—coiUinued. 



station, 
Date, and 












SlZB IS 


IXCHKJ*. 




Time 
Tnwl 
down. 


Kind fif Kish. 


4 


+ 


+ 


7 


8 

1 
5 

*i 

H 

24 1 
20 

: 
■| 

1 
*1 1 

3 J 

Id £ 
1 . 

1 ; 


9 10 
f + 

"2 

7 
1 

'2 

'4 

) •{ 

J *4 

"1 
11 


11 

+ 

i 

15 

'5 

2 

S 

2 

I 

\ 


12 

+ 

J 

I 

s 

4 
1 

; 

1 
3 

32 

1 


13 

+ 

2 

h 

28 

2 

1 
2 


14 

+ 

1 
\ 

1 

8 

3 

I's 

'4 


16 

+ 

•2 

\ 
I 

•2 

2 

• 

I 

a 

1 
2 


16 

-1- 

1 


TotaL 

17 18 19 20 21 23 25 

+ + + + + + + 


Dec. 6. 
9 50 a.m. 

to 
lO-.'iO a.m. 

Stotion 
XV. 

Aug. 22. 
11-40 a.m. 

to 
1 2-40 p.m. 

Dec. 6. 
11-50 a.m. 

to 
12-50 p.m. 

Station 

XVI. 
Aug. 23. 
11-37 a.m. 

to 
1-50 p.m. 

Dec. 7. 
11-15 a.m. 

to 
1-20 ii.m. 

Station 
xvn. 

Aiig. 28. 
6-56 a.m. 

to 
9-55 11. m. 


Cod, . 
HaddnckK, . 
WhltJng, . 
Biossle, . 
Hake,. 

Cora, gurnards, . 
Piked dog-ftfih. . 
Plaice, . . 
Witch soles, 
Lemon sole,i, 
Ix>ng rough diihs. 

Satthe, 
Haddock, . 
Hike, . 

Com. gurnard, • 
Herring, . 
Liparii vulgaris. 
Piked do«-UHh, . 
Grey »k»te, 
Pbico, 
Witch 8ole«, 
Long rough dabs, 

Cod, . 
Haddocks, . 
Whitings, . 
Bra&sle. 

Com. gurnards, . 
Conger, 
Plaice, 
Witch soles, 
Long rough dabs, 

PIkoddog-H.sh. . 
Witch soles, 

Bra8.«jie, . 
Witch solea. 
Long rough dabs, 

Cod, . 

Salthc, 

i -'oiiger, 

Com. gurnards, . 

Plaice, 

Witch soles, 

Linig rnugh dabs, 

Common dHbs, . 

]tra.s»ic, 
i*oor-cod, . 
Conger, 

Oohiu* nmnttm, . 
Turbot, . 
Witcli solos, 
Long rough dab«, 


5 
1 

*I 
1 


3 
2 

5 

"l 
2 


1 

4'a 

2 

■3 
I 

5 

1 

1 


'2 
2 

"2 
21 

b 

*3 


1 a 4 1 . 
1 . 


1 17 
2 
1 

18* 
3 
7 

If 
1 

14 
1 

16 






. 


bo; 


6 

1 
1 

1 

1 

44 

117 


1 

1 
'2 


2 


' 1 .' ! 

! ; 'i ; 

] 


180 


4 
2 

2 
3 
1 
9 
77 
46 


199 

1 
15 

»! 

4 1 
17 

9 
9 

111 

4 ; 

4 

67 


Dec. 7. 
8-30 a.m. 

to 
100 a.m. 


1 


1 


; :■ M 


31 

1 

126 1 
2 

m 
••1 1 

tn 
1 

Jtl2 



* One 3 InchcK. f 2S inches. % ^i inche.**. $ IJ inches. i, 28 inches. ^ 3 inclie.s. 

1 1 One 3 inches. f g Two 3 inches. 



•• 38 inches. ft 2 inches. 
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TABLE C. — Ebcord of Obsbrvations made on Board thb * Garland' during 1898. 
A. FISH CAUGHT {Shrimp Trau?/)— IV. Mobay Firth. 



Station, 1 


SiZK I!f INCHKS. 1 1 


Date, audi 
Time 


Kind of Fisli. 




1 '" 1' '^ "' 1 


1 




1 






1 ( 


1 i 1 1 


Total. 


Trawl 




2 3 1 4 


i 6 


7 


8 10 , 11 1 13 I IS i 14 15 ; 16 1 17 18 | 19 i 


20 25 




down. 




^ ^1 


+ 


+ h 


+ 


+ i + 


+ +! + !-(- 


+ 1 + + -f- + -f 


^r 


1 


Moimy 














1 


: 


1 














Firth. 














1 










% 










Shrimp 




1 










1 


} 
















HanlB. 








1 




1 




I 




' 1 








Station 


Com. gurnards, . 


2 










.'..'. 




. 


j 




2 


V. 


Plaice, 








1 


1 { . 


. ' . . 1 . 


. I 


. 1 




2 


June 14. 


Solenette, . 


2 






, 




. . 1 . 1 . 1 




2 


30 mtnntes 


Common dab:*, . 


9 22 


4 


8 1 6 

1 


s . 1 . , . ■ . 1 


' 1 ' ' i ' 

1 


• 


1 


53 




1 


! 


59 










1 






1 ^ 1 1 , 


■MHI^ 


Oct. IS. 


VVhiting, . 


• 1 








1 . 1 • i • 


. 1 . 


• • 1 • 1 • • 


. . 1 . 


1 


3(^ minutes 


Com. gurnards, . 




4 1 








■ • 1 • 1 * ' ' 




. 


5 




Plaice, 


, 








. 2 1 1 . 




. 1 . 1 . 


. 




. 1 . 


3 




Common dabs, . 


. 22 


82 


1« 


3 


8 . . . 


1 1 . 




• 1 










77 


Station 


Solenette, . 


.0 


' 1 ■ 














. 






' 































, 








vn. 










1 




1 






1 


1 






91 






1 








1 














^^^■^ 


Mny 17. 


WhltlnRS, . 


• 1 • 






6 






1 1 • 








. 1 . , . . 






7 


30 minutes 


Halie, 








a 






1 


1 . 




1 . . 








8 




Com. gurnards, . 












11 . 














2 




Dragonet, . 




1 






















1 




Lemon soles, 


1 










. 1 . 












2 




Common dabs, . 


.18 . 


•> 


8 




2 






. 1 . 










20 




Long rough dabs. 


. 1 1 1 


7 


8 


5 


•-' 


. . 1 . 
1 




. ! . 


. ' 








24 


June 15. 


Com. gurnards, . 


t 




1 




1 ! 




1 










64 


111 




, , 


3 


30 minut«s 


Lemon sole, .... 


1 




. , . 








. 1 . 




, , 




1 




Long rough dabs, 


. 


1 


'2 


1 • 






. 1 . 


. ' . 1 . 


. 


4 


Not. 18. 


Coiimion dabs, . 
Hake, . 


.•) 2J» ' ;t 






4 1 . 1 . ' . 


• 


. 1 . , -. 


" 


• 1 . 




47 




; 


1 

1 


65 


1 1 


• 1 • 




•i 


2-4* p.m. 


Poor-cod, . 


ill 1 










. . 1 . 1 . . 








3 


to 


Gobius ininuttM^ 


I 1 . 1 . 












. 1 . . 


, ' 






8a 


.1-15 p.m. 


Dragonets, 




2 








• ' . • • 














2 




Pogge, . 




1 










• 






. 1 . 


. 1 








1 




Lemon sole. 














, 






• 1 • 










1 




I/ong rough dabs, 








1 




2 










• 








4 


StaUon 
IX. 


Common dabs, . 


« • 


2 




1 






1 

1 








• 








15 


* 1 


' 




81 


' 










i 


1 








May •iJ'. 


Whitmgs, . ... 




2 




,! ,1 . ' . . . ; . .'.-•. . : . 






4 


^ minutes 


Gnmard.5, . . . 6 


. ' 1 




. 1 , . { . . , 






7 




Ijeraon .Holes, . . 




. , 1 




. 1 , . . 1 , • • • 1 • 




I 




Witch soles. 








>» 




. 








Long rough dabs, 








8 


. ' 


■ 


. ' . ! . 




8 




Common dabs, . ;;7 


'sr, 


'4 


8 


5 


2 


1 1 . 




' . . ! . . . 




! 1 


93 






' 


110 






' 


















1 


■■^■B 


June Ifi. 


Com. gurnards, . ! . :i i . 






. i ■ 








. 1 . 


3 


30 miniiteji 


Lemon sole, . . 




1 




. , . ' • 




• 1 • 


I 




Long rough dabn . . 


:i 


1 


1 


1 


1 






1 


5 


Nov. 18 


Common dabs . 2H 29 3 
Wh.Ung, . . . ; . . 


6 


8 


3 


I ' 2 

1 


■,•!■'■■' 




1 


T 


78 


87 


• J • 


1 ' . , . ; . . . , • , . 


1 


-10 minutes 


Com. gurnards, .,.14 8 


2 1 2 


1 




. 




17 




Dragonets, . • . ' 1 . 


2 


2 




1 . ' . . . ' . 




• 1 • 


5 




Pogge, . • ' . » 'i 












3 




AnglerM, . ... 








. 1 . 


3 




Plaice, ■ ■ 






1 . , . , . 


1 




1 




Lemon soles, . . 1 . 


1 


1 









3 




Solenette, . . 1' 






. ' . . '' . . . 1 . • 1 • 






a 




Long rough dabs . ! . 


I 




2 


1 ^ _ _ ^ 1 _ 






3 




Common dabs . 38 .41 


78 


14 


1$ 


1 i 


• 1 • 1 • 








181 




1 


218 
















' 




1 






' 












.^__ 





a Tvro at 1 inch. 



Digitized by 



Google 



54 Part III, — Seventeenth Anntuil Report 

TABLE C— Record of Obsbrvatigns made on Board the 'Garland' during 1898. 
A. FISH CAUGHT {Shnmp Trawl)-'iV, Moray FiRTH—cantinued. 



Station, 
Date, an^ 
Time 
Trawl 
doirn. 


Kind of Fish. 












SiZK l» 


Inches 
























•2 \ H 4 


+ 


6 


7 


8 

i + 


9 

1 

4 

' 1 


1 10 

+ 

1 • 
i 

t 
1 

• 
• 1 


11 

+ 

I 
1 

1 


12 

+ 


18 

+ 

i 
1 . 

1 1 

: ! 
1 


14 15 16 17 

+ + -f + 


18 

4- 


1» 


Total 
20 i25 j 

+ + 


Station 
XI. 

May 19. 

30 minutes 

i 

1 June 9. 
30 minutes 

Station 
xm. 

Mav 18. 
30 minutes 

June 9.' 
30 minutely 

StoUon 
XVI. 

May la 
30 minutes 

June 10. 
80 mhiutes 


f 

Dragonet, . 

Solenettes, . 
r^mon sole. 
Common dabs, . 

Haddocks, . 
Wliltings, . 
Lemon soles. 
Common dabs, . 

Lemon sole. 
Common dabs, . 
Pogge, 

Cod, . 
Haddock, . 
\^niitirig, . 
Bfa88l6, . 
Lhig, : 
Lemon sole. 
Common dabs, . 

Dragonet*, . 

Lumpsucker, 

Pogge, 

Long rough dabs. 

Common dabs, . 

Argentine, 
Haddocks, . 
Whitings, . 
Brassie, 
Poor cod, . 
Com. gurnards . 
Dragonet. . . 1 
Lemon sole, 
Long rough dabs. 
Common dabs, . 


1 ■ 

■ 

2 
4 

: 


I 

2 

. 

4 


3 

i ^ 

I 

1 

2 

o 
J 4 

1 

7 


2 

30 

U 

2 

I 
8 

1 

12 
2 


1 
15 

1 
1 

2 
*6 

: 1 

4 

1 ; 

8 

j 

1 

8 

1 

1 

13 
3 


1 

1 

1 
8 

2 

3 

1 


1 

• 

4 
1 

1 
1 
2 


1 
1 . 

2 
1 

1 
1 


1 

1 

1 

1 


* 
• 

: 

. 

. 1 

1 


1 

i 

I : 

1 


1 


1 

1 
1 


i 
1 : 

i 
1 

1 


• ! 
1 


1 . 

! ; 

j : 

1 • 
. 1 


1 

• 
• 


3 ! 

3 1 

6 ( 
1 
64 

77 

h 
2 
3 
2 

12 

i 

1 
1 

I 

12 

> 3 

3 

1 
1 
32 
la 
1 

.38 

8 
2 

1 

40 
52 

1 

3 
18 

1 

1 

8 

1 

1 i 
49 

6 

86 ' 



o 28 inche.«. . 
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TABLE C. — Record of Observations made on Board the 'Garland' during 1898. 

A. FISH CAUGHT (Shrimp Trawl)— N, Firth of Clyde. 
(1) Okdinary Trawling Stations. 



station, 


















Size im Ikchks. 










- 












Date, and 
















Total. : 


Time Kind of Fish. 
















1 , 1 ' 1 1 




Trawl [ 


2 


4 


5 


6 


7 1 


8 


9 


10 11 12 1 13 


14 15 


16 17 


18 ' 19 1 20 


25 


Down. 


+ 


+ 1 + 1 


+ 


+ 


+ 1 


+ 


+ 


+ 1 + + 


+ 


+ + 


+ 1 + 


.,.,. 


+ 


Firth of : 




1 










Clyde. 










1 






1 










Shrimp 




j 












1 








Hauls. 




1 


















Station 






















. 1 


vm. ' 




















1 


Sept. 7. : Cod . 
SOminatesi HaddorJcs, 




2 . i 












. ' . . . , . . 


2 




4 3 












' . . . . . ' . 


7 


! Whitings, . 




. 1 . 1 








. ' , 


. 


. 1 . 1 . . . 1 . 




8 1 


' Poor-cod, . 




87 100 








. 1 . 


. 








187 1 


I Cora, gurnard, . 








^ 




• 1 1 


. 1 . 


. ' . 1 . 




• • ' 1 ^ 


Three-bearded 
















1 ' 






rockllng, . 










2 




. . . : . . 1 . . ' . 








4 I 


Di-agonet«, . 




20 37 
















. 




67 


Herring, . 




• 1 • 








1 


. 1 . 










1 


OobituminiUus,. 




6 1 . 








. 1 . 


. 


. j . 






6 


Thomback skate 












, ' , 


12 . 


• • • 1 • 






4 


Sail fluke, . 












• 1 • 


1 ' . . . 1 . . 1 . 1 . 




• 1 1 


Solenette, . 






2 






• 1 . 


. , . . . . , . . 1 . 1 . 




2 


Tx>ng rough dabs 


. 15 










1 

1 


. . 1 . . 


•i-i- • •!• 

1 1 1 




15a 

295 

* 


Dec. 17. 1 Braauie, 
SOminntea' Poor* cod, . 
Whiting, . 


2 


SB 11 
14 ' 11 


2 




• 
1 


: i : 




1 


1 


' 


68 
2 


ArgentineM, 


3 
















' ! * 




4 ' 


Di-agonets, 




7 7 

1 














1 






14 


GodttM minutu» 


4 

1 














• 1 • 






1 4 




Sail fluke, , 


• 1 • 








\ 






■ 






9 




Witch soles, 










1 1 , . • 

1 


• 1 • 


* 1 * 








4 




Com. gurnard, 


, 










1 


. 


] 1 


• • 








1 
























' 








118 
















' 


1 












"^"- 


Station 






1 










' , 


1 




1 




DL 






1 
















1 




Aug. 81. 


Cod, . . 


2 


. 1 . 


. 










i 1 






. 


2 


30 mluuten 


Haddocks, . 




1 . 1 


















2 




Hake, 












• 1 • 






. 1 . 1 . 1 . . 1 . 




1 




Argentina, 


2 






2 


1 










. 1 . ! . i . 




• 


5 




Whitings, . 




1 


11 


8 




. ' . 




. 






. ' . 








15 




Poor-cod, . 




. 100 












. 1 . 






• 








218e> 




Com. gurnards, 




• 1 • 






2 


2 




. ■ . 


1 1 • 






1 








5 




Three-bearded 


















1 


















rockllng, . 










1 




, 








• 1 • ' • 


. 






1 




SaU fluke. . 










1 










• ' • 1 . 1 . 








2 




Thomback Akate 














.^ 


' . 


1 .1.1. 


1 






2c 




Cuckoo ray, 








, 








. 1 . . 




1 1 . 


, 






1 




OoMia minutv 


















• ! • 1 • 






* 






1 ! 


255 






































1899. 


















1 
















Jan. 17. 


Hake, 


. 




. 








. . 1 1 4 ! . 










5 


30 minntea 


Whitings, . 




. 1 


4 




8 


28 9 


. . 1 1 . i 1 














46 




Brassie, . 


ft 


29 1 69 


49 


5 






. 1 • 












156 




Poor-cod, . 


8 


60 64 


194 


4 








1 










320 




Argentines, 




10 7 


10 


5 


2 




.1.1. 


. 


. . 1 . 








34 




Com. gumai-da, 










. 


4 


16 


2.1 2 . 


. 1 . 1 . 








26 




Dragonets,. 




11 


6 


1 


1 


. 


I . 


. 1 . 




. 1 . . ■ . 






20 




Three-bearded 
















1 1 






1 










rockllng, . 










1 






. ' . 


. j . 






I 




Tliomback skate 




1 . 












1 1 


. . 






3 




Qobiue sp? 




2 j . 










... 


1 1 




2 




Plake, 














. 1 . . ' . 


. ' . 1 1 ' . 






1 




Witch soles. 












1 


•i \ . 5 1 . 1 . , . 1 . 


, . 






9 




Common dab, 








I 


, 














1 




Long rough dabs 




lis 










.,.1.1.'.,. . 








■ 


5 






: i 1 


628 




1 































a 24 inches, I One hundred and eighteen about 2^1 nches. c One SO inches. 
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TABLE C. — Record of Observations made on Board the 'Garland' during 189ft. 
A. FISH CAUGHT (Shrimp TraiPlJ—Y. Firth of ChYDZ—continu^J. 



Station, 










SlZS IX iNCHEJ*. 








Date, ami 

Time 


Kln<l of F(«h. 














Tofiil 








1 


















t 




Trawl 




2 


8 


4 


6 


s 


7 


8 


9 10 1 11 


12 18 


14 


n 


Id 


17 


18 III 


20 2A 




down. 




+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ [ + ' + 


+ + 


+ 


+ 


+ 


H- 


+ 


+ 


+ + 




Station 








i 






























X. 








1 
































Aug. 25, 


Haddock. . 


















1 








1 














do rainiited 


Com. gumanlii, , 
Draj^netfi, . 
Cuckoo ray, 
Lemon soleti. 
Common daba^ . 




'.-. 




2 


8 


S 


I 
























4 






n 












































^a^mm 


1899. 












































Jan. 16. 


Braiisie, . 


6 


6 


16 


18 


















, 














40 


30 minutes 


Poor cod, . 


1 


2.-* 


143 


72 


2» 


1 








, 












^ 








271 




Hake, . 




















8 


4 


8 






1 






I 


13 




Arffmtinfjf, 


1 


3 














, 1 . 






, 


















Lipari* uulgaria. 


• 


1 


,N. 


















, 






, 












Lipariaumntaqtti 


•i 


a 














. 




. 


















Haddock, . 


. 




. 
















. 


















WhitiuKs, . 














tf 


I 


.'i 1 








, 








14 




Gobiu8 sp. 't 


1 


















. 


. 




. 












Dragonet, . 




] 






• 


























Tboni-baikHkatP, 






. 




• 






. 






1 


I ! . 












Witch soles, 
















a 1 


1 


S . 




3 


^ 












Long rough tlaUs, 


1 




' 


1 








1 

1 


• 


. 




• 


• 




' 




4a 






S6S 




















1 






















w^^mm 


Station 


















1 
























XII. 










# 
































Au(f. ao. 


Cod, . . . 




5 


4 












. 






















9 


m minutes 


Haddocks, . 




2 


1 


. 




, 




, 


, 


, 






. 






^ 






^ 


3 




Whitings, . 






G 


2 






























It 




Poor-cod, . 




. 


MO 


1000 


, 






* 1 . 


, 






. 






, 






, 


28166 




Three - bearded 












































rockllngs,. 






, 


2 


1 


, 




• 




, 






, 






^ 








8 




Herring, . 




1 


, 


. 


. 


. 




, 


, 


. 






. 


. 




. 








f€^ 




Witch sole, 














. 






1 


I 


^ 








] 




Long rough dah8, 




8 


IS 


9 


7 


b 






. 




1 








. 


. j . 1 . 


42 
























1 












t 




2384 












































ma^^ 


1899. 














































Jan. 20. 


Brassie, 




7 


5 


, 




, 


, 


, 




, 






, 












, 




12 


30uilnates 


Poor-rod, . 




13 


17 






, 


, 


, 








r * 
















30 




Argentine$, 
Oebius sp. ? 


2 






• 1 . 




, 


, 


, 






















S 






. 


. 


, 


, 


, 


. 




, 




• 1 • 














2d 




Ling, . . . 




, 




, 






, 


. ' . 




• 1 • 








, 






le 




Three - bearded 
















i 1 


1 










1 








rockline, . 




. 


, 




I 








. 1 . 








, 


• 1 • 




1 




Witch solcN, 






1 


1 


, 




9 


I . . , . 1 . 














n 




Long rough dabs, 






S 


JM 




14 , . 


1 




.,.,.,. 








■ 


. 1 . 




44 












1 










103 



a One at 1 inch. 6 Eight hundred and sixlecn at 3^ incliM. c One at 2^ Inches, rf 1 inch, e 35 inches. 
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TABLE C. — Rkoord of Observations made on Board the 'Garland' during 1898. 

A. FISH CAUGHT (Shrimp Trawl)— V. Firth of Clyde— coiUinH€(f. 
(2) Cross Srction — Sanda to Bennan Hkad. 



' StaUon, 


















Size in Inches. 




















Date, and 




















Time 


Kind of FI«h. 














1 1 .11 


Total. 


Trawl 




2 \ 


3 4 


5 


6 


7 


8 


9 i 10 11 1 12 ' 13 


14 15 1 16 17 18 19 20 


25 








+ 


-^1^ 


+ 


+ 


^ 


4- 


+ > + 1 + 1 + i + 

1 1 , 1 


+ ' + 1 + 14-! + '+ + 

1,1 


-i- 




Station 




1 


; 


,1 , ^ , j ' ' 




n. 






1 










1 


1 




Sept. 1. 


Cod, . . . 


1 


2 ' 1 










. . 1 . ' . ' . .!.■.,. 


i 


4 


t-20p.ni. 


Brassie, 




. 1 . 


5 


•28 


27 


20 


, , . ' 1 


1 


80 


to 


Whiting, . 


. 












. ' . I , . . ' . 






1 


' 4-« p.in. 


Com. ffurnanls. . 
Thornbaclc .sliate, 












16 


18 34 


.15 8 1. 


- 1 - 


92 


i 




















! 1 


1 




Rata macttlata. 
















. 1 . . 2 ' . ' . 


. 




1 


1 


3 




Lemon soles, 




9 *4 


12 




1 




. 1 . 












30a 




















1 1 








j 






punetattu, 




1 . 


• 








• • 








. 




1 




1 ' 


' 






212 


1899 


Cod, . 




1 


















. 1 . 


1 




Jan. 19, 






1 


!ft roiirates 


Brassie, 




.'»8 .30 


10 


1 








. 1 . 








. 


99 




Poor-cod, . 




a 8 


14 








• 








; , • 1 ■ 1 • 


27 




Herring, . 


I 


1 




















1 


1 


1 




Red gnmard, . 




• 1 • 










• 1 A 




] 






. 1 : 




1 




Com. gumanls, . 




• 1 • 






1 


2 


8 1 4 


2 . 


1 










12 




Dragonet, . 


1 
















. 1 . 










1 




LiparUvulgayiM, 


1 


. 1 








' 




' 


. 1 . 


. ! . 






1 




Lemon sole, 














1 


. 1 . 


. 1 . 


. [ 






I 




Long rough dnh, 


1 










, 


1 


1 








1 


1 




145 


1 Station 


















1 




1 










1 m. 












Sept. 1. 


Haddock, . 






1 


3 








• • 




1 




1 


1 

• 1 • 


6 


3-17 p.m. 


Brassie, . 










2 








- 






2 


t^ 


WhlHng, . 






17 


86 




1 


. . ... 


j 




58 


8-&0p.m. 


Hake, . 
Poor-cocl, . 
Cod, . 


800 


.' 168 










». • 


: i : ' : 






. 1 


'. 1 '. 


1 

968 

2 




Aramtine*, 
Oobiut sp. t 


3 
2 


3 




1 


, 




1 . 


; 1 ; ; ; 


9 
2 




Com. gnmard.H, . 








1 


3 




1 . : . : 3' : : : 1 : : : : : 


8 




Dragoneta, . 


40 




42 








. 1 . . ' . .1.1.;.'. . - 1 . 


82 




Nm-se-houiul, . 














. 1 . . ' . .1.1.1.' 


1 


16 




Sail fluke, . 














. ' . . : 1. 1 1 ! : 


11 


1 


) 


Lemon sole, 














1 


• 1 ■ 1 • 


1 




Long ronghdabs, 


3 












. . . . . . 


_ 1 . 


8 




Solenettes, . 




2 1 . 






^ 


. 


. ' . 1 . ' . . 1 . , . 1 . , . 1 . ... . 


3 




it'; 








1152 


, 






1 


















aiB^i^ 


1899. 
















1 ' 1 1 










t Jan. 19. 


>\Tiltlng», . 


. 










1 


1 ' . . t 1 . 1 . ! . 


1 


3 


JO mlnates 


Poor-cod, . 




1 1 


1 








1 i ■ ' 


.'{ 




Brassie, . 


1 


18 17 










, 1 . . 1 . i . 1 


1 . 


86 




Com. gnmard, . 








6 


8 


fi 


2 . 1 . . . . 1 . i 








22 




Dragoncts, . 




2 1 . 










1 '1 








I 


2 




Lemon sole, 




1 i • 










' , i 1 










1 




Common dab, . 








* 








. 


' 1 


• 




1 


Station 










68 


IV. 


















' 1 t 












t 


— "^ 


Sept. 7. 


Whitings, . 






19 


9 








1 1 . 




. 1 . 








32 


10 46 a. m. 


Com. gurnard, . 










1 




' ' 




. 


j 




1 


to 


Herring, 


1 












. . j . 








3 


11-20 a-m. 


Argentine*, 


1 












1 




1 




2 




Dra((onet8, . 




. 30 






10 


' 






• ' 1 


40 


1 


Poor-cod, . 


8 


93 200 










! 1 : ! : :;."': 






293 




Oobius mimUu*, 
















. 1.1. 


3 




GobiM sp. ? 




7 I 












1 • • ' • , • 


1 




Thomback skate, 




j 










' 


• 1 • • • 1 • 1 • 


7 


1 


Sailtluke, . 














1 \ 


: 1 


: ' : • 1 • 


1 




Witch soles, 




. 1 . 




2 


1 


1 


11.6 .1.1. 








• 


11 


1 


Lemon sole. 








1 








. . *. : 1 : 1 : 






• 1 • 






1 




Long rough dabs, 


12 




1 


6 


3 


2 


2 
















26 






1 


















421 



a Knur at 2^ inches, b 28 inches, 
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TABLE G. — Record of Obskrvations made on JioARD the 'Garland' during 1898. 
A. FISH CAUGHT {Shrimp Trawl)— \. FiRTH of CLYHJ^-^o^Uviued. 



Station, 










StZK IV 


Imcrbs. 




Date, and 
















Time 


Kind of Fish. 






1 




i 1 1 ' 


Total 


Trawl 




2 


» 


4 5 6 


7 8 , 9 1 10 


11 12 13 14 15 Ifl 17 IS 1 19 20 25 




down. 




+ 


+ 


+ ; + 1 + 


-f + 


+ 1 + 


+ ^+ 4- + + + +j + '-f + + 




1899. 
























Jan. 17. 


Wliltlngs, . 








. 


2 . 


3 1 1 








« 


30 minutes 


Brassie, 




\i 


. ic 


1 












. 


23 




Poor-cod, . 




51 


. 78 






. 1 . 


• ' . 












124 




Argentine t , 


4 




H 




. < . 1 . 




. ! . 




, 




7 




Dragoncts, . 






3 . 






1 






. 1 . 




3 




Conper (-**], 














1 . , . 








1 




Three-beardHl 














1 












rocklings, 






. 




2 . . i . 




. . 1 . . 




^ 


2 




Gobitu sp. ? 




4 






1 ^ ' 






4 




PUice, 




1 


. ; . 1 . 


. . . 1 . 1 . 


1 1 




^ 




1 




Long rough dabs 






3 j . 1 . 


1 . . . 


. , . 1 . 






• t • 


. 


4 




Amoglottw 






3 1.'. 




• 




. t . 





3 




UUema, . 


























; * 






. 


! 


178 


Station 












' 








1 ^^"^' 


V. 








1 




' 1 










! 1 


1 


Sept. 7. 


Hake, 








. 1 2 




. . 1 . 1 . 


! ■ t [ 


4 


30 minutes 


Brassie. . 






. 1*0 1 10 


1 .1 




. . . .'.'.'. 




22 


! Cod, . . . 




1 






. 1 . ' . 




• 1 • [ . . 1 . ! . 






1 




Whitings, 






3 








1 ' ' 1 




• 1 • 


5 




Com. qnmards, . 




. 




8 


10 




1 


1 . . . . 




. 




20 i 




Poor-cod, . 






320 . 






1 




1 . 




. . . t . 


528o 




A rgentinetf. 


1 


























1 ■ 




Angler, . , 






















1 






1 




Ling, 
















1 ... 










1 




Dragonets, . 




30 




• 1 • 




















37 




Gobiui sp., 








• 


. 








• i • ' . , . 




. . . 1 




I 




Herring, . 
Sail fluke, . 


















• 1 . 




1 




1 










. i . 














: : , . ; . 


3 




Lemon soles, 








1 












. 1 . 








2 




Common dabs, . 








5 


8 


1 










. 


• ; • 


• 


14 


1 










641 


1899. 
Jan. 17. 






























Brassie, 




18 


6 . 


1 


! 






1 










25 


30 minutes 


Poor-cod, . 




4 






' 








• 1 . . 




4 




Com. gurnard, . 














1 .*.::; . 


. i . ' . 




1 




Dragonets, . 




3 


3 






' . . . t . 




fi 




Witch soles. 








. ' . i . 




1 . . . .,.,.!.;. 


1 




Long rough dabs. 






2 






1 . . , . ... 


2 




Common dabs, . 


. 




1 , . 






1 ' ' 

' 1 


1 


40 














— — 








(8) CORSK 


WALL TO MULI, 


OF C.\mti:e. 


StaUon 
















, i . 1 1 


VI. 1 








\ 


! 








1 




Cod, . 




11 


2 












< 1 




. . 13 


Sept. 1. 


Haddock, . 






1 


. 


1 








. 1 . . . 1 . 1 . 


1 


1 


1 


12-35 p.m. 


Poor-cod, . 


2 


28 


15 




' 












1 


«45 


to 


Liparit vulgarU, 


6 








1 








.1.1." . 1 ! i . 




. : . 


lot 


M5p.m. 1 Pogge, 






• 


1 


• ' • 






. 


1 


1 




2c 


1 


71 
























1 


1 ^^^^1 


1899. 










1 












1 


I 


Jan. 24. 


Brassie, 




2 


a 


al . 












1 




11 


30 minutes 


Poor-cod, . 




9 


24 


11 










.1.1. 






44 


! Hike, . 




. 








. 




• 1 • 1 • , • • 






1 


StaUon 




















I I 


56 


vn. 














^ 






' 


Sept. 1. t Cod, . 


8 












. 1 . 










15d 


10-15 a.m. Brassie. . 








1 


1 ' . 1 


1 












4 


to j Poor-cod, . 


2 


5 


21 


15 . 


. 1 . 
















43 


10-45 a.m. Com. gurnard, . 


' I 












. 














1^ 




Liparis vulgariM, 


1 








. 1 . 1 . 




., . , . 












. 1 1 












1 
1 








1 












1 64 














1 










< 








1,^1^,, 



a Two hundred and eight about 2^ inches, b Four at 1 inch, c 3^ inches, d Seven at 8| inches, e 2| inches. 
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TABLE C. — Rbvxjrd of Obserwahios^ made on Board the * Garland * during 1898. 
A. FISH CAUGHT {Shrimp Trawl)— -W. Firth of Glyvi^— continued. 



SUUoo, 

Dftte^and 

Time 

Trawl 
down. 


Kind of FlBh. 


SiZK VX IKCHK8. 


Total. 


2 

+ 


3 

+ 

12 

& 

3 
1 

4*0 

11 

1 

1 
2 

1 

iV 


4 
19 

( 

16 
42 

i 

6 
62 

1 

2 

1 

14 


6 

+ 

14 
2 

4) I 

4 

1 

15 
2 

11 


6 

+ 


7 

+ 


a 

+ 


9 

+ 


10 


11 

+ 


13 

+ 


13 


14 

+ 


15 


le 

+ 


17 

+ 


18 

+ 


19 

+ 


20 ' aa 


1899. 

Jan. 34. 

30 minute.^ 

Station 

vin. 

Sept. 6. 
n.Aa.ni. 

to 
Il-8&a.m. 

1899. 

Jan. 25. 

30 mlnntea 

Station 
IX. 

Sept. 6. 
12-10 p.m. 

to 
12-45 p.m. 


Brassie, 
Poor-cod, . 
Com. gurnard, , 
Three, bearded 
rockUng, 
Liparut vulgarig^ 
Liparis mmitiUQui 
liockllng sp. t . 
Cuckoo ray, 
Zeugopterus Hp. ? 

Cod, . 
Pocr-cwl, . 
niree-b.-ai^ed 
rock ling, . 
Angler 
Drugonet, , 
Lumpentt* latH' 

petri/ormU^ . 
Oohius minutus, , 
Lemon sole, 
WJtch 8olea, 
Sail fluke, . 
Long rough dabs, 
Ztitffopterus 

pmictattu, . 
Sprats, 

Wlilthigs. . 

FoorK^fKl, , 
Conger, 
Argentine, . 
Herring, . 
Three- bearded 
rockllnir, . 
Witch (wlea, 
I*ong rough dabs, 
Zeugaptertu sp. ? 

Hake, 

\Vhltlng», . 
Poor-coil, 
C'oro. gumanlH, . 
Three-bearded 
rockllnit, . 
Witch Holes, 
Long rough dabs, 
Thomback skate. 
Grey skate 


1 
21 

U 

2 
1 

1 
1 


'LAI 
1 

2 

2 

*1 

1 


>DA 
2 

1 
1 

1 


TO 

1 

2 
1 


Tub 

1 

1 

7 


NBF 
1 


I 


' Po 


1 
INT 

1 

1 
5 




*-' 


1 

I 










2 

1 

\ 


83 

24 

1 

3 
31 

6o 
8 
1 
1 


92 


31 
82 

1 

1 
13 

I 
■J 

8 

I 
3c 


153 

2 

7 

1S2 

2 

1 

2 

i 

1 


204 


1 
U 
8 

4 

36 
41 

1 
1 


99 



a 1} inched. 6 30 and 40 inches . e One at 2^ inches. 
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TABLE C. — Record op Obseevations made on Board the * Garland* during 1898. 
A. FISH CAUGHT (Shrimp Trawl)-~\. Firth of Clyh^— continued. 



Station. 

Date, and 
Time 
Tnwi 
domi. 


Kind of Fiah. 


SiZK IK iNCHKS. 


TotaL 


2 

+ 


3 


4 & 

+ + 


6 
+ 


7 

+ 


8 

+ 


9 


V 


11 

+ 


12 


18 

+ 


14 

+ 


+ 


16 

+ 


17 

+ 


18 

+ 


19 


20 

+ 


25 

+ 


1899. 

Jan. 2d. 

30 minutes 

Station 
X. 

Sept 6. 
I -10 p.in, 

to 
4-45 p.ui. 

1899. 

Jan. 2,'j. 

80 minutes 


Whiting. . 
Bra>s.sle , 
l*oor-cod, . 
Hake, 

Com. ffitrnarda, , 
Argeniirm^ 
Dragonct, . 
Gobius minutus,. 
Oobiug sp., 
Tlirce - bainlod 
rockliiiK, . 
WItcli solcH, 
Lont; rotiKh dabst, 
Common dabs, . 

Cod, , 
Haddocks, . 
Whitings, . 
Bm.sMi(% 
Hake, . 
Poor-cod, . 
Gnrnardit, . 
Argentiiuit. 
Dragoncts, . 
Gobiu* minutus, 
IAparunmi!jari«, 
LiparumoiUagui 
Thomback bkate, 

Flake, 
Brasaio, 
Poor cod, . 
Dragonot, . 
Com. gurnards, . 
Witch «olc^ 
Coniuifin dabs, . 
Long rough dabs, 
Zevgo^tterv* sp. ? 


4 

1 

1 

8 
2 

3 

a 


IS 
7 

1 
1 

4 

V 

2 
8 

'■2 
\ 


27 

9 

2 
54 

13 


1 

21 
1 

[ 


8 
1 

*8 

1 

4 

1 

I 


1 

1 
1 
9 

i 

*2 


• 
• 

2 

1 

'a 
1 


2 

* 
1 

*1 


1 

*1 
4 


8 


1 
1 

i 

• 


1 

1 
1 

! 

*2 


. 




] 






• 

*: 




. 


1 
23 
34 
] 
2 
1 
1 
4 
4 

I 
& 

1 


118 


a 

3 
6 

1 
3 

15 
2 

45 
8 

If 

1 
1 


338 

1 

32 

1 

t 
8 
8 

i 

I 


( 






49 



















a Two hundred about 2^ inches. 
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TABLE B. — Record of OBSEnvATiONs madb on Board the 
'Garland' during 1898. 



B. PHYSICAL OBSERVATIONS— I. Moray Firth. 







Temperature. 








1 










station. 

Date, and 

Hour. 


1 

I 






wind. 


Weather. 


Sea. 


Tide. 


liaro. 
meter. 




Air. 


Water. 




Dry 
Balb. 


Sar- 
face. 


Bot- 
tom. 


Depth 

in 
faths. 


Direc- 
tion. 


Force. 


SUtion I. 
















1 










1»»8. 
May 24. 
3.56 p.m. 
tf.5 p.iu. 


E. 


49-38 1 4U-G 
40-10 ! 49 


49-2 

48-9 


7 

H 


E. 
E. 


3 

a 


Haze jc Fog 


E. swell. 


1 h. chb. 
ih.10ni.eb. 


29-»5 


6 


June 7. 
%.'lh a.m. 
10.30 a.m. 


E. 
W. 


55 1 
58- 10 


60-6 
51-5 


49-8 
49-5 


8 


W. 
N.N.W. 


3 

1 


Cloudy. ' 
Clear. 


MtKlcrate. 
Slight 


1 h. ebb. 
3 ,. 


29 -88 
21(90 


8 
Bttfm 


OcU 11. 
13.8 p.m. 
3.10 p.m. 




53-43 
63«0 


541 

54-0 


54-0 
54-0 


^1 


N.E. 
N.E. 


1 

1 


1 
Cloudy. 


Smooth. 


3i h. ebb. 


30 1 

soil 


6 
5J 


Station U. 


























May 2A. 
12.3A p.m. 
3.45 p.m. 


w. 

E. 


51 44 

51-63 


60-8 
50-9 


46-9 
48-1 


'^ 


E. 
E. 


1 
1 


Hazy. 


E. KWCII. 


4i h. tl. 
i h. ebb. 


39-95 


7 
5 


June 7. 
11.15 a.m. 

I.IO p.m. 


E. 
W. 


5900 
60-44 


50-9 
50*2 


47-0 
4T-6 


18i 
14 


N.E. 
N.N.E. 


Ltght 


Clear. 
It 


Slight 
S,B. swell. 


:)f h. ebb. 
5J „ 


39-90 
29-92 


7 
4 


Oct. 10. 

».35 a.m. 

U.1A a-m. 


W. 

E. 


51.63 
54-68 


54-0 

540 


53-8 
63-9 


13 
13 


N.W. 

N.E. 


1 
1 


Orerc&it. 
Fiive. 


Smooth. 


A h. ibb. 


80-09 
30-10 


6 

6J 


Station m. 


























May 26. 
9.45 a UL 
11.55 a.m. 


E. 
W. 


50-90 
50 00 


50-9 
611 


49-9 
51-0 


f 


N. 


4 

3 


Cloudy. 


CTioppy. 


i^W, 5m. fl. 


29*85 
29-84 


\' 


June C. 
2.10 pm. 
3.38 p.m. 


w. 

E. 


56-48 
5810 


50-3 
50-3 


49-5 
490 


13 


E,S.B. 
E. 


Sq-lly 


Cloudy, 
•t 


MoUeriiK;. 
Choppy. 


I h, ebb. 


39-70 


3 

H 


Oct. \2. 
1.45 p.m. 
3.48 p.m. 


w. 

E. 


53-42 

54-68 


54-0 
54-0 


54-3 
54-4 


8 
9 


E.N.E 
E.N.E. 


1 


Cloudy. 
Ovei-cast. 


Smooth. 


4 h. ebb. 

5 >, 


30-05 
30-03 


5 

4i 


SUtion IV. 


























May 25. 
1.0 p.m. 

8,6 p.m. 


E. 
W. 


48-38 
49-64 


48» 
fiO'8 


48-8 
491 


13 

9 


N.E. 
E.N.E. 


3 
4 


Cloudy, 
with [lass- 
Ing sh'w'rs 


N.E. 

Swell. 


4i h. fl. 


29-88 


6 


Jane 14. 
1.50 p.m. 

8.45 p.m. 


E. 
W. 


58-82 
56-48 


63-3 
54-9 


49-3 
510 


11 

Si 


E. 

E. 


1 

3 


Clear. 


Slight 
E. swell. 


b\ h. ebb. 
If h. fl. 


30-32 
30-28 


9 
Bofm 


Oct. 13, 
10.35 ft.m. 
13.25 p.m. 


S. 
N. 


53-70 
53-88 


53-6 
58-8 


641 
54-3 


{Si 


E.S.E. 
E.8.E. 


3 
8 


Fine. 
Overcait, 


E. swell. 
Moderate. 


HlRh water 
3 h. ebb. 


29 99 


7 
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TABLE B. — ^Record of Observations made on Board the 
* Garland' during 1898. 



B. PHYSICAL OBSERVATIONS.— I. Moray Firth— c<m<inuerf. 



Station, 

Date, and 

Hour. 


1 

c 
5 


Temperature. 






Weather. 


Sea. 


Tide. 


Baro- 
meter. 


o 

11 


1 
Air. 

Dry 1 


Water. 




Wind. 


Sur- 
face. 


Bot- ] 

torn. 1 


Depth 

In 
fatlis. 


Direc- p. „^ 


StAtton V. 


























18»S. 
May 25, 
9.10 a.m. 

11.10 a.m. 


E. 
W. 


47-66 
48-56 


48-3 
50-1 


48-0 
481 


loj 

12 


N.E. 
N.E. 


4 Clomly,with 
panning 
1 showers. 


N.E. swell. 


i h. fl. 
2i „ 


29-88 


5 
6 


June 14. 
10.20 a.m. 

12.20 11. m. 


.S.W. 
N.E. 


&6*30 
5612 


53-8 
53-6 


49-5 
4*(-0 


12i 

21 


8. 
S.E. 


Light. 
1 


Clear. 


Slight 
E. swell. 


2 h. ebb. 

4 M 


30 -.12 


10 
8 


Oct. 13. 
12.45 p.m. 
2.30 p.m. 


N.E. 
S.W. 


52-62 

53-60 


58-6 
53-4 


640 
61-2 


16 
13 


E.S.E. 
S.E. 


3 
3 


Cloudy. 


Moderate. 

Moderate 
E. swell. 


ih.20m.eb. 
4i h. ebb. 


29-99 
20-97 


8 

84 


Station VT. 


























Miiy 2-1. 
3,65 p.m. 
6.10 p.m. 


VV. 

E. 


49-64 

48-20 


50-3 
49 1 


50-0 
47-2 


6 
16^ 


E.N.E. 

N. 


4 

5 


Cloudy. 


N.E. swell. 


1 h. ebb. 
2h.l0m.eb. 


29-88 


5 

6 


June 14. 
8.0 a.m. 
9.6,'> a.m. 

Nov. m. 

10.10 a.m. 
11.55 a.m. 


W. 

E. 

K. 


50-36 
56-30 

50-64 
51-80 


52-9 
52-5 

49-4 

49-5 


60-8 
48 1 

«0-4 
50-6 


6 
16i 

7 
16 


S. 

s. 
as.w. 

S.W. 


Light 

2 
2 


Cloudy. 

Fine, haze. 
FiiiB. 


Slight. 

Slight 
E. swell. 

Smooth. 


■■il h. fl. 
l} h. ebb. 

40 m. fl. 
U h. fl. 


30-34 
30-32 

30-20 
30-21 


6 
lOi 


Statiot; 
VIJ. 


























Mftv 27. 
9.-^0 a.m. 

11.55 a.m. 


W. 
E. 


47 -^H 
60 


47-8 
47-7 


46-0 
47-5 
40-0 
46 


264 
12 
33 
16i 


N.N.W. 
N. 


2 
2 


Cloudy, 
liaiii. 


N.E. swell. 


5 J h. ebb. 
IJ h. fl. 


29 91 
29-92 


7* 
7J 


June \'i. 
8.50 a.m. 

10.62 a.m. 


W. 


54-86 
5(J'84 


54-0 
.73-7 


47-2 

48-8 
47-0 

47-8 


33 

16i 


Calm. 

Calm. 




Iluzy. 


Slight 
E. swell. 
E. swell. 


6i h. fl. 
If h. e 


80-26 


9 

I2i 


Nov. 18. 
1.25 p.m, 
2.40 p.m. 


E. 


51-2fi 
53-42 


4J>'7 
49*8 


61-0 
50-9 


30 
27 


aw. 

S.W. 


5 

4 


Fine. 


MoUerato, 


r:- 


30-14 


6 

5 


Station 

vnL 




1 






















May 27. 
1.40 p.m. 
3.56 p.m. 


N. 
S. 


48-20 
48-38 


47-8 
480 


46-0 
4*^0 
46-3 


34 
36i 
18 


N.N.W. 
VV. 


1 
1 


Cloudy. 

Italn. 


N.E. swell. 


8A h. fl. 
4 ,. 


29-92 


f 


June 15. 
1.40 p.m. 

4.0 p.m. 


N. 

S. 


56-84 
67*02 


53-5 

52-9 


47 

48-0 
47-0 
47-9 


38 


S.E. 
S. .N K 


Li-ht 
2 


I Hazy. 
Cloudy. 


E. swell, 
11 


4i h, ebb. 
jh. fl. 


30-26 


m 

18 


Nov. 18. 
10.20a.m. 
0.15 p.m. 


N. 


50-1 R 
1 63 -GO 


51-0 
510 


51-0 
51-0 


32 
35 


s.s.w. 

S.W. 


3 
3 


Fine. 


I Jfodcmtc. 

1 '. 


Ih. 10m. fl. 


3019 
30*16 


9 
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TABLE B. — Record of Observations made on Board the 
* Garland ' during 1898. 



B. PHYSICAL OBSERVATIONS— I. Moray Firth— am<inw<jrf. 







Temperature. 


















station, 

Dat«, ana 

Hour. 


1 








Wind. 


Weather. 


Sea. 


Tide. 


Baro- 
meter. 


& 

H 


Air. 


Water. 




o 

1 


Dry 
Bnlb. 


Sur- 
face. 


Bot- 
tom. 


Depth 
in 

fat Us. 


Direc- 
tion. 


Force. 










n o 


SUtumlZ. 


























1898. 


























May 2R. 


























LOO a.m. 


s. 


49-64 


47-8 


46-0 
47-8 


Stt 
18 


W.N.W. 


6 


Cioudy. 


Hodei*at«. 


5 h. ebb. 


80-01 


7 


1?.0 a.m. 


N, 


61-08 


48-0 


460 


m 


N.N.W 


3 






1 h. fl. 


80-02 


7 


June le. 


























11.10 a.m. 


S. 


69-18 


63-2 


47-5 
47-9 


?il 


S. 


Light. 


Slight haze. 


Slight. 




80-36 


12 


1.30 p.m. 


N. 


60-44 


54-8 


47-3 
48*0 


81 


E.S.B. 


1 


Clear. 


Slight 
E. flWf li. 




*» 


13 


Not. 18. 


























7,0 a.m. 


S. 


63-60 


60-9 


50-8 


33 


S.8.E. 


2 


Cloudy. 


Slight. 


4 h. ebb. 


80-30 


8 


8.65 a.m. 


N. 


;5144 


61-0 


51 K) 


28 


s.s.w. 


3 


Fine. 


•Modemtc. 


Near low 30*20 
watPr. i 


n 


Station X. 


























May 28. 


























e.»5 B,m. 


N.W. 


48-74 


48-4 


46*0 


43 


N.X.W. 


2 


Cioudy, 
passing 
sliowers. 


N.E. swell. 


lih.ebb. 


29*96 


10 


8.35 a.m. 


S.E. 


60-00 


48-8 


46 

487 


19 
91 


M, 


3 


Cloudy. 


" 


H M 


80-01 


7 


June 16. 


























8.0 a.m. 


S.W. 


6144 


62-4 


47-8 
48*9 
47*1 


24 

13 
36 


E.N.E. 


Light 


Overcast. 


Slight. 


4h. fl. 


30-26 


10 


10.0 a.ra. 


N.E. 


68-46 


58-3 


Calm. 




SUgbt haze. 




5} M 


„ 


11 










48-0 


18 
















Not. 17. 


























10.40 a.m. 


8.E. 


62-52 


■49-8 


60-3 


19 


W. 


2 


Fine. 




3i h. 11. 


80*10 


8 


2.S0 p.m. 


N.W. 


62-34 


50-9 


Al'O 


37 


W.S.W. 


3 


Cioudy. 


" 


fi ,, 


3014 


7 


autioQ XI. 


























May 19. 


























5. 10 a.m. 


E. 


44*96 


47-2 


46-1 


38 


S.E. 


2 


Clear. 


^ 


4h. fl. 


80-81 


7 


7.80 a.m. 


W. 






46-0 


1I| 
















7.80 a.m. 


W. 


48-93 


47-3 


46-0 
46*1 


28| 
14^ 


S.S.E. 


2 


" 


" 


n ., 


» 


7 


June 9. 


























4.35 p.m. 


e. 


65 04 


50 


48-9 


23 


N.E. 


I 


Hazy. 




1 h. ebb. 


30-26 


6 


«.W p.m. 


w. 


56-66 


51 


47-8 
48-0 


VA 




3 


11 


- 


3h.20m.ftb. 


30-28 


13i 


Station 


























xn. 


























May 18. 

4.30 p.m. 


























s. 


56 22 


48-8 


461 


22J 


S.S.E. 


1 


Clear. 




Near low 


80-33 


9 






















water. 






8.80 p.m. 


N. 


65-04 


48-5 


46-3 


36 


as. 


1 


It 


11 


34h.l0m.fl. 


., 


6 


June 10. 


























8.40 a.m. 


N. 


49-46 


49-6 


48-4 

48*6 


234 
114 


N.E. 


1 


Hazy. 


" 


6| h. fl. 


30-80 


6 


B.O a. Ill, 


S. 


50-72 


50-2 


48*3 

48*4 


26 
12} 


" 


I 


" 


" 


2i h. ebb. 


" 


H 


Statiim 


























xm. 


























May 19. 

LM p.m. 


s. 


49-82 


47-9 


46-1 
46-4 


37 
13 


S.E. 


2 


Clear. 


.. 


8} h. ebb. 


80-81 


7 


4.10 p.m. 


N. 


50-00 


47-9 


46-1 


30 


„ 


2 


., 




6fb.6m.eb. 


11 


8 


June 9. 


























lO.M a.m. 


N. 


61*80 


48-7 


48*3 


38 


NEbyB, 


1 


Fog. 




3h.fl. 


30.26 


6 


1.16 p.m. 


S. 


62-70 


49-6 


48-0 


80 


E. 


3 




»t 


4 ., 


80-37 


6 








48*3 


16 
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Part III. — SeverUeenth Annual Report 



TABLE B. — Record op Obsbrvations madb on Board thb 
* Garland' during 1898. 

B. PHYSICAL OBSERVATIONS.— I. Moray YiKiR—coMnued. 



Station, 

Date, and 

Hour. 



Station 
XIV. 

May 20. 
6.27 a.m. 

8.30 a.m. 

June 9. 
6.36 u.m. 

9.10 n.m. 



Station XY. 

May 19. 

9.20 a, m. 
11.0 
11.30 a.m. 



June 10. 
11. S5 a.m. 



2.0 p.m. 



Station 
XVI, 



May 18. 
9.45 a.m. 



June 10. 
6J»5a.m. 



Station I. 

1898. 
April 27. 
2.42 p.m. 

8. S3 p.m. 



Station 
II. 

Mav 3. 
12.20 p.m. 
2. 5 p.m. 



Station 

in. 

May 4. 
10.26 a.m. 
1?. 10 p.m. 



Temperature. 



Air. 



Dry 

Bulb. 



48*92 
49-G4 

54-60 
66-84 



49-64 

fiO-M 



.w-oo 

60-90 



49-28 
61-44 



51-44 
.n-44 



Water. 



Sur- 
face. 



48-4 



50-1 



47-2 



50- 



Bot. 

t<JUl. 



Depth 

In 
fnth! 



46-3 
46-7 
460 
46-9 

48-1 
48-2 
48-0 
48-0 



4«0 
45-9 
46 
46-0 



48-6 
48-6 
47-6 



45*9 
46-1 
46 

4*i-3 



47-9 
48-0 
47-3 
47-6 



29 
18 
40| 
20i 

30 

42i 
21i 



34 
17 
27 
13J 



26 
13 

37i 



38 
19 

36^ 

40^ 
20^ 



Dli-ec- 

tlon. 



E. 
E.N.E. 

N.E. 
E.S.E. 



S.S.E. 



N.E. 
E.N.E. 



W. byN. 

Liglit 
air. 



N.E. 
E.N.E. 



2 
2 

1 

Light. 



Weather. 


Sea. 


SUght haze. 


S E. swell. 


Clear. 


- 


Ha2C. 


Slight 


Hazy. 


" 


Clear. 


- 


Fog. 




nazy. 


M 


Clear. 




u 


Calm to 

slight. 


Hazy. 


Slight. 



Tide. 



Baro- 
meter. 



Ih. fl. 
3 ,, 

3} h. ebb. 

Near low 
water. 



4ih. fi. 
IJ h. ebb. 



6i b. fl. 
lh.26m.cb. 



30-22 
30-27 



30*31 



30*30 

30-31 



30*29 
SO-32 



IL Aberdeen Bay. 



Hazy. 



N.E. 


48-38 


44-9 


44-2 


"4 


S.E. 


4 


S.W. 


46*32 


46-0 


44-3 




4 


W. 


51-44 


47 1 


44-3 


7 


S.S.W. 


3 


E. 


49-64 


46-0 


43-9 


21 


s. 


5 


E. 


49-82 


44-0 


46*0 


20 


s. 


3 


W. 


4.S'66 


46*0 


44*0 


n 


s. 


1 

I 



S.E. swell. 



Hazy. 

Slight haze. 



Hazy. S.S.E, swl. 

Ilazc, with 
showers. 



3| h. fl. 29*84 
Nr. 4 h. fl. 



Uh.1 
Sih. ( 



li h. ebb. 
ebb. 



r.: 



fl. 

ebb. 



^9*44 
29-42 



29-46 



as 

« o 



74 

8 



9 
7 

H 
loi 



24 
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TABLE B. — Kecord op Observations made on Board the 
* Garland* during 1808. 



B. PHYSICAL OBSERVATIONS.— II. Aberdeen BAY^contimud, 

























station, 

Date, and 

Hour. 


i 






Wind. 


Weather. 


Sea. 


Tide. 


Baro- 
meter 


c 

El 


Air. 


Water. 




o 


Dry 
Bulb. 


Sur- 
face. 


Bot- 
tom. 


Deptl 

In 
faths. 


Direc- 
Uon. 


Force 










* c 

II 


Station 
























IV. 


























1898. 














1 












May 4. 














1 












1.20 p.m. 


w. 


48-93 


:5i 


44-5 


**i 


S. 


I 3 


Haze. 


S.S.E. 
swell. 


H h. ebb. 


29-46 


2 


3.3 p.m. 


E. 


49-46 


4G-0 


44-5 


m 


S. 


2 


Hazy. 


" 


34 ,. 


29-47 


n 


SUUOQ 


























V. 


























May 6. 


























11.8a».m. 


N.E. 


51-98 


44-9 


45-0 


10 


W.N.W. 


5 


Cloudy. 


Moderate. 


51 h. fl. 
1* h. ebb. 


29-60 


2 


1.30 p.m. 


S.W. 


50-90 


44-6 


44-7 


12 


N.W. 


3 


liain. 


S.E. swell. 


'• 


3 


StaUon 


























VI, 


























May S. 


























2.8 p.m. 


s.w. 


48-02 


44-7 


44-5 


17 


s.s.w. 


3 


Showery. 


11 


24 h. ebb. 


29-61 


4 


3.40 p.m. 


N.K. 


.W-18 


44-8 


44-7 


1^ 


N.W. 


3 


•• 


- 


29*62 


4 


Station 


























vn. 


























May 6. 


























a.62 p.m. 


:s.w. 


50-88 


44-8 


44-6 


20 


N.W. 


3 


M 


J, 


4h.22m.eb. 


29-62 


4 


ft.40p.m. 


N.E. 


5306 


44-6 


44-3 


32 


N.N.W. 


5 


Cloudy. 


" 


Near high 
water. 


29-66 


5 


SUtlon L 


























KlgbttnwL 


























May 6. 


























9.30 p,m. 


N.W. 


48-56 


14(1-3 


44-0 
45.2 


42* 
2H 


N. 


1 


■' 


SUght 
swell. 


3i h. fl. 


29-72 




11.87 p.m. 


S.E. 


48 -S* 


46-6 


44 


52 


N.W. 


2 




Slight 


&ih.7m.fl. 


29-74 












44*0 


26 






N.E. swell. 1 I 






III. 


FlRTH 


OF Clyde. 




SUtion I, 




1 




















1898. 


























August 26. 


























as a.m. 


N. 


67 -se 


681 


64-8 
66-9 


24 
12 


S. 


2 


Cloudy. 


SUffht. 


3f h. ebb. 


30-18 


9 


9.6fi a.m. 


S. 


60-08 


58-1 


65-7 




S. 


2 


Fine. 


M 


H .. 


30 17 


9 


Dec. 15. 


























1.3fi p.m. 


a 


48-56 


490 


60-6 


18 


N.W. 


3 


Cloody. 


fl 


Ih, 5m. eb. 


3015 


3 


3.i0 p.m. 


N. 


48-20 


50-0 


49-8 


19 




1 


,. 


Smooth. 


3h.lOm.cb. 


30-16 


4 


Station n. 


























August 24. 


























1.15 p.m. 


iimer 
End. 


69'.54 


68-1 


56-9 
58-6 


19 
9 


N.W. 


2 


" 


" 


Hb. fl. 


3019 


9 


4.46 p.in. 


Outer 

End. 


59-90 


68-2 


68-9 
58'0 


20 
10 


N.N.W. 


^ 


II 


" 


f h ebb. 


30*29 


n 


Dec. 9. 


























9.5 a.m. 


W. 


48-20 


60-1 


60-0 


17 


W. 


7 


Overcast, i 
with hoAvy 
snow & hall. 


5, W. swell. 


1| h. ebb. 


29-44 


8* 


10.61 a.m. 


S,E. 

1 


47-12 


50- 1 


60-4 


25 


W. 


7 


dually, with 
heavy hail 
ahowen*. 


Choppy. 
iW.swell. 


8* n 


29-44 


6 
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Part III, — Seventeenth Anntud Report 



TABLE B. — Record of Observations made on Board the 
'Garland' during 1898. 



B. PHYSICAL OBSERVATIONS— III. Firth of CLYDE-«m«nu«rf. 



station, 

Date, and 

Hour. 


i 

1 


Temperature. 


Wind. 


Wenther. 


Sea. 


Tide. 


Baro- 
net er 


li 
II 


Air. 


Water. 


Dry 
Bulto. 


Sur- Bot- 
focc. torn. 


Depth 

In 
fntha. 


Dlrec 
tioo. 


Force. 


Station 


























1898. 
AuKust 24. 
12.4.> p.m. 

2.35 p.m. 


N. 

S. 


60-44 
60-80 


57-2 

67-8 


55-0 
65-5 

68-7 
56-8 


26 
13 
29 
14i 


N.W. 


2 
2 


Cloudy. 


Slight 


2i h. fl. 


30*18 
3019 


8 
8 


Doc. 8, 
12.15 p.m. 

•i.2*t p.m. 


S.W. 


42-98 
44-24 


W-1 
60-0 


61*0 
50-6 
50'9 
50-8 


20 
10 
37 

m 


S. 


8 
4 


OTercaat. 


Moderate. 


5| h. ebb. 
Uh. tl. 


29-94 
29-93 


5 
5 


SUtiozi 
IV. 


























'August 24. 
10.10a.m. 

12.2 p.m. 


N. 


59-72 
60-80 


68-2 

58-2 


540 
55-8 
63-4 
60-0 


27 
13J 
29 
14i 


N.W. 


2 

2 


Cloudy. 


Slight. 


li h. fl. 
3| n 


30-18 
3019 


7 
7 


Dec. 8. 
10.80 a,m. 

11.35 a.m. 


N. 


41-00 
42-80 


50-1 
501 


50-7 
50-2 
50-5 
50 4 


27 

14} 


S'therly. 
S. 


1 

3 


Clear. 
Overcast. 


Smooth. 
Clioppy. 


8} h. ebb. 


29-94 
29 96 


5 
5 


Station 
V. 


























Augu-st yi. 
10.30 a.m. 
12.0 a.ra. 


N. 
W, 


56-84 
5804 


55-9 
&6-9 


66-6 
650 


19 

20 


N.W. 


4 
4 


Clear. 
Cloudy. 


Smooth. 

Slight. 


6 h. fl. 
J h. ebb. 


3004 

30-03 


6 
5 


Dec. 14. 
1.45 p.m. 

3.56 p.m. 


N. 
S. 


48*20 

4T-84 


49-8 
50-0 


49-7 

49-9 


18 
22 


W.N.W. 


8 

8 


Cloudy, with 

rain »ciualls. 

Cloudy, 

squally. 


Rough. 
Choppy. 


2 h. ebb. 


29-90 
29-90 


4 

H 


Station 
VI. 


























August 25. 
2.40 p.m. 
4.57 p.m. 


w. 

N.E, 


6H10 
58 64 


56-9 
56-8 


67-0 
57-0 


29 
21 


S. 


5 
6 


Overcast. 


Rough. 




3010 
30-8 


8 
7^ 


Dec 15. 
10.0 a.m. 


S. 


47-84 


50-5 


510 
50-9 
510 
50-8 


27 
13J 
20 
10 


x.w. 


5 


Squally. 


Moderate. 


4i h. n. 


3013 


4 


1.15 p.m. 


N. 


48-38 


50-9 


" 


3 


Cloudy. 


Slight. 


f h. ebb. 


30*14 


^ 


Station 
VII, 


























Sept. 6. 
3.55 p.m. 


N.E. 


68-00 


58-6 


56-4 


1 

1 ., 


s. 


3 


Fine, but 
haxy. 


Moderate 


6 h, ebb. 


29-98 


7i 


6.5 p.m. 


S.W. 


61-88 


57-3 


58-0 


24 


,, 


3 


,, 




29-97 


5 


Night traw] 
..cpt. 23. 

11.40 p.m. 
Sept. 24. 
1.43 a.ro. 


S.E. 

n.w. 


1 
63fi0 ' 5G-2 
52-88 1 56-8 


56-0 
56-5 


; 21 

1 n 


S.E. 


1 
2 


Fine. 


Slight 
S.E. swell. 

i 


1 h. fl. 
Nr. 8 h. fl. 


30-20 
30*30 


•• 
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TABLE B. — Rbcord op Observations made on Board the 
* Garland' during 1898. 



B. PHYSICAL OBSERVATIONS— III. Firth of CLYDH—coiUimied. 







Temperature. 


















StaUon, 

Date, and 

Hour. 


i 

•5 






Wind. 


Weather. 


Sea. 


Tide. 


Baro- 
meter. 




Air. 
Bulb, 


Water. 


Sur- 
face, 


Bot- 
tom. 


Depth 

in 
faths. 


Direc- 
tion. 


Force. 


1899. 


























Jan. 17. 


























1.35 p.m. 


S.W. 


39-38 


47-0 


4S-0 


22 


W.S.W. 


2 


Snow 


Moderate 


:i h. fl. 


29-89 


4 










47 


11 






showers. iS.W. swell. 








3.42 p.m. 


N.E. 


89-92 


47-6 


47-2 
46-8 


20 
10 


S.E. 


1 


Overcast. SUuht 
S.W, swell. 


5i ., 


29 86 


4 


Night trawl. 
























Jan. 24. 
























6.40 p.m. 


S.W. 


37-70 


46-0 


47-4 
46-0 


21 

loi 


S.S.E. 


' 


Clear Choppy. 

moonlfgbt. 


2h. 10m. fl. 


30-40 




8.45 p.m. 




40-41 


40-0 


471 


I9i 


S.E. 


4 


- 


" 


4i h. d. 


30-43 




SUtion 


























VIII, 
























1898. 
























Sept. 7. 
























13.36 p.m. 


W. 


611G 


5«i-9 1 56-3 
' 5<i-9 


33 
16i 


S.S.W. 


3 


Hazy. 


Moderate. 


2^ h. fl. 


*2y-9C 


fii 


3.30 p.m. 


E. 


6314 


67-5 


64-8 


30 


" 


2 


Fine, thick 
tiAzc at 


" 


•43 H 


29-95 


7 


Mghttrawl. 
















rimes. 










Sept. 28. 


























R 86 p.m. 


E. 


57-56 


57-0 


55-2 
66-2 


2T 
18J 


s. 


1 


Fine. 


Slight 
S.W.HweI]. 


%\ h. ebb. 


30-23 




10.40 p.m. 


W. 


63 96 


56-4 


67 


334 


S.E. 


1 


>. 


M 


Near l.w. 


3a-'21 




Dec. 17. 


























8.12 a.m. 


W. 


47-84 


49-9 


51 -4 


32 


W. 


3 


Overcast. Westerly 


1. w. 


3011 


6 










51-2 


16 


1 






swell. 








10.25 a.m. 


E. 


47 12 


49-7 


51 
60-4 


28 
14 


w,s.w. 


L2 


i> 


" 


n h. fl. 


30-18 


6i 


Night trawl. 


























1899. 


























Jan. 17. 


























5.40 p.m. 


N.E. 


40-64 


47-0 


48-2 
46 8 


29 
14* 


S.S.E, 


B 


" 


Slight. 


Ih.lOni.eb. 


29 -JH 




8.0 p.m. 


S.W. 


41-00 


47-0 


4H1 

47-2 


:i4; 

17: 


S 


5 


Dull, with 
rain. 


Moderate 


3^ h. ebb. 


2?>*87 




Station 


























IX. 


























1898. 


























Augusts!. 


























1.30 p.m. 


N.E 


56-30 


66-1 


64-0 
65-9 


28 
14 


N.W. 


6 


Cloudy. 


" 


2 h. ebb. 


3010 


7 


3.37 p.m. 


S.W. 


58-64 


56-2 


66-2 


28 


W.N.W. 


4 


Fine. 


^^ 


4h. 7m. cb. 


30-15 


7 


1S99. 


























Jan. 17. 


























9.30 a.m. 


N.E. 


8812 


46-8 


48-0 
46-7 


26 
13 


N.W. 


3 


Fine, pass'ng 
snow sh'wrs. 


Slight. 


4J h. ebb. 


29-87 


5 


11.40 a.m. 


S,W. 


89-56 


46-9 


48-2 
46-8 


27i 
13 


W. 


3 


Showery, 
snow. 


M 


Uh. fl. 


29-90 


4 


Station 


























X. 


























1898. 


























August 2S. 


























10.65 p.m. 


N.E 


69-00 


68-0 


56-6 
57-5 


26 
13 


s 


3 


Fine. 


Choppy. 


\ h. fl. 


80-16 


10| 


1.20 p.m. 


S.W. 


88-64 


66-9 


56-3 
56 "5 


26 
13 


.. 


4 


»t 


S.W, swell. 


8} n 


8015 


8 


1899. 


























Jan. 16. 


























11.40 a.m. 


S.W. 


46-14 


47-6 


47-8 
47-3 


26 
18 


W.S.W. 


6 


Cloudy. 


Choppy. 


2J „ 


29 03 


H 


1.45 p.m. 


N.E. 


44-7S 


47-2 


47-6 


27 


.V w. 


6 


>i 


HouRh. 


\\ ., 


29-02 


34 










47-2 


13^ 






1 
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TABLE B. — Record of Observations made on Board the 
' Garland ' during 1898. 



B. PHYSICAL OBSERVATIONS— III. Firth of Clyde— «mimt^d. 







Temperature. 










I 








Station, 

Date, and 

Hour. 


i 
1 

in 






Wind. 


Weather. 


Sea. 


Tide. 


Baro- 
meter. 




Air. Water. 




o 
s 


Bulb. 


Snr- Bot- 
face. torn. 


Deptb 

in 
fathB. 


Direc- 
tion. 


Force. 












Station 


























XI. 


























1898. 


























Sept 8. 


























12.35 p.m. 


N.E. 


62 60 


60 'O 


65-7 

67-0 


23 

in 


S.W. 


2 


Clondy. 


Choppy. 


2h. fl. 


29-94 


"* 


2.30 p.m. 


N.W. 


B2'm 


59-4 


531 


32 


1. 


1 


It 


M 


4 „ 


29-94 


7 


1899. 


























Jan. 24. 


























8.2d a.ni. 


N.E. 


32-72 


45-3 


47 1 


20 


S.E. 


2 


Hazy. 


Smooth. \ 4 b. fl. 


30-30 


3 










46-0 


10 ' 






1 




10.9 a.m. 


aw. 


36-68 


46-0 1 47-2 


34 1 „ 


1 


Fine, 


^^ 


H »> 


30-35 


3 










46-8 


17 






Slight haze. 










Station 


























XIl. 


























1898. 


























AogUftSO. 


























12.10 p.m. 


w. 


5810 


67 


60-6 
52-7 


43i 

22 


W.N.W. 


5 


Overcast. 


Bough. 


li h. ebb. 


29-68 


8* 


2.W p.m. 


E. 


66-48 


66 1 


50 9^ 
33-1 


40 
20 


W.S.W. 


5 


Heavy rain. 


Moderate. 


H „ 


2964 


6 


Night trawl 


























Sept, 8. 


























8.0 p.m. 


N.E. 


60-98 


69-9 


52-4 
66-6 


37 
18i 


Calm. 




Overcast. 


Smooth. 


3 h.ebb. 


29-94 




10.23 p.m. 


S.W. 


6900 


59-5 


51-3 


45' 


N.N.W. 


^ 


Fine rain, 

overcast. 


'• 


H M 


29-90 




1899. 


























Jan. 20. 


























10.15 a.m. 


W. 


46 04 


46*7 
46-5 


47 


41i 
201 
34} 


S.W. 


5 


Heavy S.W. 

swell. 


Moderate. 


4 h.ebb. 


29-46 


5 










4G-5 


^^ 


5 


Overcast. 


Moderate; 


Top of l.w. 


29-43 


6 


12.25 p.m. 


E. 


4604 


4€-7 


46-6 


174 








strong 
S.W. 








Night trawl 


















swell. 








1899. 


























Jon. 23. 


























5.65 p.m. 


W. 


40-28 


46-7 


46*3 
46 1 


414 
20f 


N.N.W. 


4 


Clear. 


Moderate. 


2 h. fl. 


3012 




8.30 p.m. 


E. 


3902 


45-5 


47-0 
46-4 


45 
22* 


N.N.E. 


2 


Clear star- 
light. 


Slight. 


4i .. 


30 18 




Station 
























XIII 
























1898. 




1 




















August 22. 
























8.25 p.m. 


S.W. 


60*08 66-0 


51-80 
51-44 


25 
12i 


S'ly. 




•' Fine, with 
haze at times 


Calm. 


H h. ebb 


29-92 


6i 


9.43 a.ra. 


N.E. 


21-8 1 57-0 


511 
53 


31 




1 


Uazy, 


.Slight. 


5h. ft. 


29-88 


H 


Dec. 6. 




( 




















8.2A a.m. 


S.W. 


6000 50-4 


51-4 
50-6 
31-3 


27 
13i. 

30 


S.S.W. 


6 


Overcast. 


SUght. 


3i h. ebb. 


29-66 


4 


2.fi5 p.m. 


N.E. 


45-33 601 


S.W. 


7 


Heavy rata. 


Moderate. 


3h. 26ra. fl. 


29-41 


3 








50-4 


15 
















Station 
























XIV. 




; 




















Sept. 22. 
























6.48 a.m. 


S.W. 


21-8 57 


5M 
530 


31 

15* 

24} 


S'ly. 


1 


Hazy. 


Slight. 


1 h. fl. 


29-86 


44 


11.10 a.m. 


N.E, 


21-8 56-8 


51-4 


,, 


2 


Fine. 


,^ 


n „ 


29-85 


6J 








64-7 


12i 
















Dec. 6. 
























11.10 a.m. 


N.E. 


6108 500 


51-2 

49-0 


r4 


S.S.W. 


7 


Cloudy ; 
Iieavy 


Choppy. 


Low water. 


29-54 


H 










1 




showers. 
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TABLE B. — Record of Observations made on Board the 
* Garland' during 1898. 



B. PHYSICAL OBSKRVATIONS— III. Clyde (Upper Locn Fyne). 







Temperature. 


















station. 

Date, and 

Hoar. 


1 

o 








Wind. 


Weather. 


Sea. 


Tide. 


Baro. 
meter. 


li 

5 3 


Air. 




Water. 


Depth 
in 

faths. 


Dry 
Bulb. 


Sur- 
face. 


Bot- 
tom. 


Direc- 
tion 


Force. 


Station 


























XV. 


























1898. 


























August 22. 


























11.35 a.in. 


S.W. 


21-9 


56-0 


49*7 

52-0 


32J 


S. 


2 


Fine. 


Slight ; 

elmppy. 


•2| h. fl. 


29-84 


6 


12.50 p.m. 


N.E. 


22-4 


66-2 


-IS -6 
511 


40 
20 


S. 


2 


" 


Slight. 


4 


29*82 


5 


Dec. 6. 


























11.45 a.m. 


S.W. 


51.44 


49-9 


50-5 

50-0 


33i 
16} 


S.S.W. 


7 


Cloudy ; 
heavy 
showers. 


Choppy. 


1 h. fl. 


2!»-52 


31 


1.10 p.m. 


N.E. 5108 


49-6 


60-1 


32 


S.W. 


7 


Cloudy ; 


Modcmtc. 


2h. lOm. a. 


29-51 


34 


















heavy pass- 


























ing showers. 










Station 


























XVL 


























AuRust 23. 


























11.25 a.m. 


N.E. 


61-16 


66-2 


47-0 
49*8 


60 
SO 


W.N-W. 


2 


Fine. 


Smooth. 


2i h, n. 


2996 


5 


2,5 p.m. 


S.W. 


63-14 


65-6 


47-2 
49-8 


65 
824 


M 


2 


,. 


Slight, 


ft ., 


8001 


H 


Dec. 7. 


























ll.Oa.ro. 


E. 


43-70 


47-8 


48-5 
60*4 


62 
91 


W.S.W. 


7 


Cloudy '.pass- 
ing hail and 
snow show'rs 


Chovpy. 


54 h. ebb. 


29-44 


3 


1.36 p.m. 


W. 


44-60 


48-8 


48-1 

60-7 


69 


S.W. 


7 


Heavy rain. 


" 


2h.5ro. fl. 


29'42 


3 


Station 


























zvn. 


























August 28. 


























8.80 a.m. 


N.E. 


57'W 


67-1 


520 


15 


s. 


1 


Fine. 


Smooth. 


54 h. ebb. 


29-93 


n 


10.5 a.m. 


S.W. 


58-28 


65-8 


471 


35 


w.s.w. 


I 


II 


^^ 


1 h. fl. 


29-96 










51-6 


m 
















Dec. 7. 


























8.25 a, m. 


E. 


41-00 


45-5 


49-8 

&a-8 


16 
85 


S.W. 


7 


Overcast, 

with passing 

showers. 


Choppy. 


3 h.cbb. 


29 -44 


1 


10.20 a.m. 


W. 


40-82 


47-0 


49-7 


174 


- 


7 


Heavy hall 
and snow 


•* 


5 II 


29-44 


2 








1 








showers. 
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TABLE B. — Record of Observations made on Board the 
* Garland' during 1898. 



B. 


PHYSICAL OBSERVATIONS. -IV. Firth of Clyde (Shrimp Trawl), 






Temperature. 












station, 
Date, and 

Hour. 


I' 




Wind. 


Weather. 


Sea. 


Tide. 


Baro- S 
meter, g^ | 


Air. 


Water. 




o 

1 ^"^ 

W Bulb. 


( 
Sur- Bot- 
fQce. torn. 


Depth 

in 
faths. 


Direc- 
tlon. 


Force. 








Jl 


Sanda to Bennan Head. 


Station 


( 




















n. 
























I«98. 
























Sept. I. 
























5./) p.m. 


N. 


r,l-20 \ 65-9 


56-2 


33 


S.W. 


2 


Overcut. 


Moderate. 


Low water. 


80-20 


H 


I89y. 




1 


56-0 


16 
















Jan, 19. 


























10.0 a.m. 


n.w. 


44-96 


471 


48-1 
47 2 


29 
14i 


w. 


6 


Cloudy. 


Rough. 


6 h. ebb. 


29-80 


4 


Station 


























in. 


























1898. 
Sept 1. 
8.12 p.m. 


























S.E. 


58-46 


56-0 


55-5 


32 


S.W. 


2 


Overcast. 


Moderate. 


4 h. ebb. 


80-23 


6 


1899. 


1 






















Jan. 19. 
























n.ib a.m. 


„ 45-32 


47-2 


48-0 


32 


W. 


6 


Cloudy. 


Rough. 


ih. fl. 


29-36 


6 


Jan. 17. 






47-7 


16 
















4.50 p.m. 


40-46 


47-0 


48-0 


TA 


S.S.B. 


3 


Overcast. 


Slight. 


20m. ebb. 


29-86 


4i 




. 


47-4 
















Station 


























V. 


























1898. 


























Sept. 7. 


























10.20 a.m. 


N.W. 61-52 57-5 


66-7 


28i 


S. 


1 


,, 


„ 


}h. fl. 


29-96 


7 


Corsewall to Mull of Cantyre. | 


Station 


























VL 


























Sept 1. 


























1,30 p.m. 


S.E. 


57-66 


56-2 


56-0 


64 


jW.S.W. 


1 


Ovei-cast. 


S.W. swell. 


Si h. ebb. 


80-S8 


6 


1899. 








56-0 


82 
















Jan. 24. 


























4.5 p.m. 


N. 


38-30 


48-0 


48-0 
48-0 


66 
33 


S.S.E. 


3 


Fine, 
Slight haze. 


Choppy. 


6ih.ebb. 


80-88 


8 


Station 


























vn. 


























1898. 


























Sept, 1. 


























10.56 a.m. 


8.W. 


56-48 


56-0 


561 


62 


W.S.W. 


2 


Xloudy. 


Moderate. 


6{h. fl. 


80.28 


6* 


1899. 








66-0 


81 
















Jan. 24. 


























2.25 p.m. 


S. 


4421 


47-9 


47-9 
48-0 


64* 
82: 


S. 


3 


Fine. 
Slight ha»^. 


Slight 


4 h. ebb. 


80-88 


8* 


Pladda to Turnbebry Point. | 


station 








; 
















vm. 








1 
















1898. 








1 
















Sept. 6. 
























10.65 a.m. 


K.W. 


66-92 


58-4 


51-6 49 


S. 


1 


Fine, haze. 


Choppy. 


2h.fl. 


80-07 


7 


1899. 








540 24i 
















Jan. 25. 
























10.10 a.m. 


N. 


88-30 


460 


46-7 i 41 ' „ 6 


Fine, 


Rongh. 


Top of 


80-62 


4 


Station 








45-8 i 20i 




SUght haze. 




h.w. 






IX. 










1 














1898. 
Sept 6. 
0.5 p.m. 
























N.W. 


68-00 


68-0 


52-8 


82 


3 


Fine, haze. 


Moderate. 


3 h. fl. 


80-05 


7 


1899. 








66-9 


16 














Jan. 25. 
























12.21 p.m. 


N.E. 


32-50 


46-2 


46-8 


84 


6 


Fine, 


Rough. 


li h. ebb. 


80-68 


8i 


Station 








45-9 


17 




Slight haze. 










Z. 
























1898. 
























Sept. 6. 
























2.0 p.m. 


S.E. 


68-04 


68-5 


64-6 


25 , 


2 


Fine. 


Moderate. 


6h.fl 


80.04 


7 


1899. 








67-0 


12 














Jan. 26. 
























2.10 p.m. 


S.W. 


82-68 


46 


470 


25 


6 


Haze. 


Rough. 


^ h. ebb. 


30-52 8 1 
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II. ON THE PELAGIC FISH-EGGS AND LARVAE OF 
LOCH FYNE. 

By H. Chas. Williamson, M.A., B.Sc. (Plates II-VI.) 

Towards the end of the year 1897 I was instructed to determine, as far 
as possible, the approximate number of pelagic eggs and larvsB in Loch 
Fyne. The name Loch Fyne is used to designate that portion of the 
Clyde area extending from Ardlamoiit Point to Caimdow, and it is 
conveniently divided by Otter Spit into Lower and Upper Loch Fyne. 
Mill* refers Lower Loch Fyne to the Arran basin, and Upper Loch Fyne, 
cut oflF, as it is, from the lower portion by the shallow barrier at Otter, 
he considers a distinct area. 

" Loch Fynet runs, on the whole, north-eastward for 26 miles, following 
" the slight curves of its axis. For the first 20 miles the breadth varies 
'' between f and 1 ^ mile, then tapering to the head. The total water area 
'^is 28| square miles; the average depth is 22^ fathoms, and the depth 
^' along the axis averages 40| fathoms at low tide. The outline of Loch 
** Fyne suggests its division into two distinct parts, which are found to 
" correspond with the conditions of depth also. From Otter Spit to 
^* Minard Narrows is a distance of 7i| miles, and this section has been 
" termed the Gortans Basin. The depth in the Narrows at Otter is only 
"15 fathoms, at Minard 17 fathoms; but between them the Gortans 
" Basin sinks to a maximum depth of 35 fathoms, with a depth exceeding 
" 30 fathoms for 3 miles. Speaking generally, Gortans Basin is a shallow 
" and relatively wide hollow shut off by bars from the deep Lower Loch 
** Fyne on the seaward side, and from the upper basin on the landward 
" side. The upper basin, though narrower, is much deeper. The depth 
" increases gently from Minard for 3 miles, until off Furnace it begins to 
" increase abruptly, reaching a maximum of 75 fathoms off Strachur, and 
" only beginning to shallow off Strone Point, Inveraray. The depth in 
" the centre of the upper basin is over 60 fathoms for nearly 6 miles. 
" The form of the land bordering Loch Fyne has greatly restricted its 
" drainage area ; and the only streams of any importance enter near the 
"head of the loch. The tidal current, according to the Admiralty 
" publications, enters Loch Fyne at Otter at the rate of 3^ knots, passes 
"through the Gortans Basin at 2 knots increasing to 2^ at Minard 
"Narrows, but then slackening until, off Dunderawe, near the lead of 
" the loch, it is reduced to 1 knot." 

Method of Research, 

In order to carry out the purpose of the research, it was decided to fix 
upon certain stations where examinations of the water of the area might 
be made once each month. Accordingly the stations (numbered I.-V. 
respectively in Plate II.) were selected. 

Station I., situated in Lower Loch Fyne, and on the line from Battle 
Island (at the mouth of West Loch Tarbert) to Buidhe Island on the 
eastern shore, was taken as a suitable position for obtaining a sample of 
the pelagic life of Lower Loch Fyne. The remaining four stations — viz., 

• MiU— " Clyde Sea Area," Trans. Roy. Soc., Edin. Vol. xxxvi. (1892). 
t Mill — * Report on Physical Observations, bearing on Circulation of Water in Loch 
Fyne" (April and September 1896), Ibth Report of the Fisfiery Board, Part III. p. 262. 
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No. II., immediately above Otter Spit ; No, III., about one mile above 
Minard Narrows ; No. IV., crossing the loch at Inveraray ; and No. V., 
opposite Cairndow at the head of the loch, were judged to be fairly 
representative of the Upper Loch. The distances between the stations 
are — Between I. and II., 10 miles; II. and III., 8 miles ; III. and IV., 
9 miles ; and between IV. and V., 4 miles. In the selection of the 
stations, Captain Campbell, late of the Garland, kindly assisted me. 

It was not always possible for me, with the appliances at my disposal, to 
examine the water of the loch from the surface to the bottom, since it was 
necessary on most occasions to employ fishing boats and a small local 
steamer ; the stratum of water examined on each station was 15 fathoms 
deep. While on Station V. bottom may be found at 15 fathoms, in the 
middle of the other stations very much greater depths are found. 

In order to ascertain the numbers of eggs present on any one station, a 
number of nets were fastened along a rope at such intervals as to cause 
them when towed horizontally to fish at certain depths. These depths 
were — Surface, 1 fathom, 2 fathoms, 4 fathoms, 6 fathoms, 10 fathoms, 
15 fathoms. In order to offer as small a resistance as possible to the 
passage of the water through the cloth of the net a fairly open canvas, 
which has been much used on the Garland^ was found suitable. The 
meshes of this cloth when wet with sea-water have openings measuring on 
an average '45 x *45mm. ; the thread of the cloth is *4mm. in thickness. 
The mouth of each net had a diameter of 2 feet. In addition to the 
horizontal tow, a vertical haul was made on each station. The net used 
for this purpose had a mouth of 3 feet diameter ; it was let down to a 
depth of 15 fathoms, and then drawn vertically to the surface. By having 
the cod-end weighted, the net was prevented from fishing as it descended. 
In this way the forms floating in a vertical column of water were 
captured. The material of which this net was made was silk grit gauze. 
When wet with sea- water the meshes were '55 x '45 mm. ; the threads 
were of two sizes — one 'SSmm. thick ; the other, at right angles to the 
former, *27mm. thick. The nets thus had small enough meshes to retain 
all pelagic fish eggs and the greater proportion of the Copepoda and 
Zoece, but allowed all Diatoms and most of the Invertebrate larv» to 
escape. Each visit to a station was timed to take place exactly 28 days 
after the preceding examination. While in the case of certain stations 
this was successfully accomplished, on some occasions a few days over the 
allotted interval elapsed before an opportunity of carrying out the work 
presented itself. Bad weather was the disturbing factor. 

In addition to the tow-net work, physical observations were made each 
month on all the stations. The temperature and specific gravity of the 
water were taken at the surface, 1\ fathoms, and 15 fathoms. For the 
temperature observations, the reversing thermometers used on board the 
Garland were employed j in connection with the specific gravity determina- 
tions Mill's self-locking water-bottle and the Kiel Hydrometers were 
made use of. During May, when I was unable to have the Garland's 
self-locking bottle, an attempt was made to get water from 7^ and 15 
fathoms with a zinc bottle, the cork of which was intended to oe drawn 
when the bottle sank to the desired depth. This bottle was, however, 
unworkable. An improvement was made by replacing the cork with a 
ground brass valve, which was found to be comparatively easily 
drawn at a depth of 15 fathoms. Leakage occurred ; but it was very 
slight. The improved bottle was used in June. In January and August 
the work was carried on by means of the Garland ; during the intervening 
months fishing boats were employed for Stations I. and II., and a small 
local paddle-boat was hired for Stations III., IV., and V. 

The temperature of the air was noted, as also were the direction and 
force of the wind, the state of tide, and weather. 
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Preservation of Tow Net Collections. 

Each collection was preserved in formalin. Commercial formalin 
was reduced with sea- water (39 parts sea-water to 1 part formalin) until 
the mixture contained 1 per cent, of formic aldehyde. This fluid 
preserved the eggs very satisfactorily, there being no immediate 
shrinkage. After 12 months' immersion in the fluid the shrinkage was 
about 3 '5 per cent. The eggs moreover remained very translucent. 
Fish larvae, however, were not preserved well, unless separated from the 
rest of the tow-net collection. The liquid was changed once or twice, 
and a large quantity of fluid (proportionally) given the material to be 
preserved. 

Method of Treatment of EesuUs. 

The results will be discussed in the following order : — 

1. An enumeration of the species the eggs of which were found in 
Loch Fyne. 

2. A discussion of the times of occurrence and relative abundance of 
the eggs of different species. 

3. The stages of development of the eggs. 

4. A comparison between the different stations as to the abundance of 
pelagic ova and Copepoda. 

5. The estimated numbers of the eggs of different species in Upper 
Loch Fyne. 

6. The discussion as to the depth at which pelagic eggs and copepods 
float. 

7. On the drift of eggs, &c. 

8. List of young fishes captured in the tow-nets. 

The Identification of the Ova. 

While the identification of some of the ova, either in the fresh or 
preserved condition, is doubtful, there are certain species which, by the 
possession of oil globules, markings on the zona, etc., are very readily 
diagnosed. The egg of the plaice is by its large size separated sharply 
from all other pelagic eggs. An accurate determination of the numbers 
of the eggs of every species of the Gadoids is so far not possible. The 
variation in the size of the eggs of a species introduces a difficulty which, 
until a determination of the percentage number that vary on either side 
of the average size is made, prevents an accurate separation of each 
species. It is always possible by means of size to diagnose the majority 
of the eggs of a species. Thus, for example, in the case of the eggs of 
cod and haddock, in the preserved condition, the average size of the 
former is 1*32 — r34mm. diameter, while of the latter 1*41 is the average 
size. In a mixture of cod and haddock eggs, then, the method which has 
been followed has been to separate the two by the size l'39mm. Eggs 
of greater diameter— viz., from 1-39 — rSmm, diameter — have been 
regarded as those of haddock ; while those eggs measuring 1*3 — l'39mm. 
have been diagnosed as those of cod. It is among the eggs of 
the cod and haddock that the greatest difficulty exists in this 
respect, but from a very careful tabulation, and by the construction of 
a curve, of the sizes of the eggs of these species collected in March 
— 2277 in number — the great majority can be separated. For the other 
Gradoids present the average size for each is as follows : — Whiting, 1 *2mm. ; 
saithe, l-13mm. ; bib, l-07mm. ; poor-cod, •93mm.; pollack, I'llmm. 
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The numbers of eggs allocated to these species in the Tables are therefore 
to be regarded as determined on these bases, and more than approximate 
accuracy is not claimed for them. The identification of the eggs of the 
other species (with two exceptions) mentioned iu the Tables is arrived at 
with certainty by means of characteristic features other than size. The 
eggs of the other two referred to, dab and flounder, were separated easily 
by size, the average diameter of the former being *8mm.; of the latter, 
*88mm. 

Tables I. and II.*give the numbers of the eggs of each species obtained 
in the horizontal nets on each station, the limitations with regard to 
accuracy, cited above, being borne in mind. Table III. gives the same 
for the vertical nets. 

In Tables IV.-XI. the number of eggs captured in each net is given ; 
the horizontal row is marked by the depth (in fathoms) at which the net 
was fishing. The volume of Copepoda, etc., taken in each net aloDg with 
the eggs is also given {vide p. 113). 

Certain of the physical observations made at each station are given in 
the margin. With regard to notes referring to the wind, the word 
" force " is represented by the letter " f ." The temperature of the air is 
given always in degrees centigrade. The temperature and salinity of the 
water are recorded in Table XVI. 

In the Tables there are a few blanks ; these are due to the loss of the 
contents of certain nets. 

TABLE L 
Number of Eggs of bach Species Captured on the Different 

Stations. 



MOHTH. 


Jakuart. 


Fbbruary. 


March. 


April. 


Station. 


1. 


11. 


■• 


11. 


III. 


IV. 


V. 


1. 


11. 


III. 


IV. 


▼. I. 


II. 


III. 


IV. 


V. 


Rockling. 

Dragonet, 

Haddock, 

Saithe. 

Whiting, 

Ood, 

Bib, 

Plaice, 

Dab, 

Flounder, 

Qumnard, 

Turbot. 

Pollack, 

Long Bough 
Dab, 

Solenette, 

Witch. 

Ling, 

Poor-cod, 

Hake(?), 

Mackerel, 

Species 


2 


4 

1 ■■ 


6 


104 

1 

3 

72 

3 


28 
3 
4 

37 


8 
1 

1 


48 
2 
12 
36 

2 


123 

24 

9 

21 

3 

45 
10 

1 
62 


666 
76 
296 
423 
19 
477 
913 
119 
139 
528 
2 

27 

1 


83 

26 

105 

331 

15 

325 

730 

32 

74 

199 

1 


41 

1 

47 

29 

16 

125 

34 

1 

25 

68 

1 


37 

3 

137 

68 
104 
754 
766 

29 

262 

227 

1 

13 


183 

81 

1 

66 

73 

163 

162 

54 

104 

683 

18 

8 

8 

12 
8 

2 
5 


388 
66 
64 
219 
361 
887 
286 
181 
177 
614 
14 
7 

3 


35 

11 

10 

50 

307 

433 

16 

17 

66 

13S 

3 

S 

27 
47 


21 

13 
27 
124 
289 
6 
2 
20 
103 

5 

1 

47 


17 
1 
22 
58 
900 
1333 
29 
51 
105 
228 

1 
64 

24 
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TABLE II. 
Number op Eggs of each Spbcies Captured on the Different Stations. 



MON'Tll. 


Mav. 


June. 


1 JlTLV. 




AII0U8T. 




Statiok. 


■• 


II. 


HI. 


IV. 


V. 


1. 


II. 


III. 


IV. 


V. 




II. 


in. 


IV. 


V. 


■• 


11. 


III. 


IV. 


V. 


Rockling. 

Dragonet. 

Haddock, 

Saithe, 

Whiting, 

Cod. 

Bib. 

Plaice, 

Dab, 

Flounder, 

Gurnard, 

Turbot, 

Pollack, 

Long Rough 

Solenette, 

Witch. 

Ling, 

Poor-cod, 

HakeCn 

Mackerel. 

Specie* 0., 

Phryna- 
rhomtm$uni- 

Weever, 

Topknot, 

Lemon Sole, 

Amoglmum 
laternaCl) 

Brill, 

CienolabruM 


298 
57 
1 
38 
70 
56 
29 

41 

251 

6 

21 

81 


61 
32 

5 
17 
102 

m 

22 

2 

34 

74 
18 
5 

2 

1 

21 

18 


36 
22 

4 

18 
161 
06 

6 

9 
44 
152 

6 
15 

7 
51 

8 


6 

6 

9 
115 

ia£ 

5 

1 

21 

55 

2 

3 
23 

7 


26 

40 

77 

84 

426 

982 

9 

17 

148 

122 

26 

1 

4 

14 

18 

5 

234 

2 
2 


12 
18 

1 
1 
3 
7 

1 
23 
28 

15 
62 

61 


34 
56 

9 
17 
32 

2 

27 

16 

18 

1 

■• 
27 

1 

54 

3 

16 

38 
124 


153 

187 

29 

63 

133 

114 

28 

2 

191 

42 

34 

9 

1 

1 

50 

2 

324 

4 

9 

1 

96 

1 

1 

87 

188 
6 

11 


24 
4 
4 

8 
74 
26 

2 

22 
14 
2 
2 

121 
36 
9 

1 
2 

27 

5 
2 


48 

23 

8 

408 

451 

164 

23 

1 

46 

31 

36 

160 

1 

946 

2 

92 

20 

28 

1 

8 

5 
39 

6 
9 


'34 
24 

"^ 

6 
4 
3 

176 

1 

20 

" 
3 

2 

6 

50 
114 


19 
29 

1 
24 
12 

2 

27 

8 
2 

26 

2 
2 
2 
S 

1 
2 

60 
73 


20 


20 
4 

7 
2 

65 
I 

12 

15 

128 
156 

5 

53 
7 


10 
13 

7 
3 

6 

1 

2 

24 

41 
1 
1 
5 

73 
U2 

4 

7 

2 
31 


7 

12 

2 
3 

2 

1 

3 
3 


1 
17 

8 
3 


1 

6 

1 
2 

10 

1 

2 
6 


3 
2 

4 


2 

7 

2 

5 
6 

4 

38 
1 

2 
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JANUARY. 


Nbts. . 

1 
Depth 
in Fa- 
thoms. 


Pblaoic Eooa 
OF Fish. 


CX)PBFODA, Zoiuz, etc. 


- 

*^nmber 1 

of 

Eoos 

in each 

Nkt. i 


dumber 

Eoos 
for each 

JTATIOS. 


Volume 
of 

L w— COPBPODA, 

Volume of Copepoda, etc., in each Net. gj^ 

for each 
Station. 


StmUoB I. 

17th: 10.6 a.m. 









16 cc 




Tow:lfmUe 
Wind: W.S.W., equaUy . 
Weather: cloudy . 
Sea: slight . 
Tide:6hr8. ebb . 
Temperature— air: 10-5« . 
Vertical net . 


1 
2 
4 
6 
10 
15 




2 


4cc 
6 cc 
8-6 cc 
12-6 cc 
9 cc. 
6-6 cc. 


55 cc 


StatloB 11. 

20th: 11.10 a.m. . 
Tow: |mile 




1 






6 cc 
6-6 cc 




Wind: N., light 


2 
4 




6 


9 cc 
8 cc. 


48 cc 


Sea: smooth 


6 






8 cc. 




Tide: Ihr. ebb 
Temperature— air: 6*70 . 
Vertical net . 


10 
15 






6 cc 

9-6 cc 

220 Oopcpods, 1 Zoea 




Statloii III. 

20th: 8.35 a.m. 









148 Copepods: 09 Cwnacea, 24 Zoea 




Tow: Imile 
Wind: 8., light 
Weather: slight haze 
Sea: smooth 


1 
2 
4 

6 







16 cc. 
1-6 cc 
9 cc 
4cc 


35 cc 


Tide: iihrs. flood 
Temperature -air: 5*3" . 
Vertical net . 


10 
15 






6 cc 

18-6 cc 

82 Copepods, 2 Zoect 




StatloH lY. 

19th: 1.45 p.m. 
Tow:lAmUe 
Wind: W.8.W., squaUy . 
Weather : rain, hazy 
Sea: moderate 
Ude: 4ihrs.ebb . 
Temperature— air : ir 
Vertical net . 



1 
2 
4 
6 
10 
15 







19 cc 

12 6 cc 

9 cc 

28-6 cc, y. mainly. 

16-6 cc 

8-6 cc 

18 cc 

360 Oopcpods. 


106 cc 


Station Y. 

19th: 9.15 a.m. 

Tow: ^mile . 

Wind: 8.W., squaUy 

Weather : fog, rain 

Sea: slight . 

Tide : near high water . 




1 
2 
4 
6 
10 







2 Oopcpods, 81 smaU Isopods, 5 

Amphipods. 
4 Young Amphipods, 1 young Schlzopod 
135 Oopepods, 17 Zoioi. 

170 Oopepods, 127 Zoia, 
7 cc 


About 
16 cc 


Temperature— air : 11.5' . 
Vertical net . 


16 






7 c.c 

16 Oopepods, 26 Zoea. 




Sum of Eaoa fHorizontal Nets— 7 eggs of 2 species, 
obtained on the •[ 
I-lv* Stations. \ Vertical Nets— 2 eggs of 2 species. 




60 cc 

cc 



NaTE.-In Tables IV.-XI. the vertical columns la.belled •;N"/^^' tSo/^JVe^^on^^^^ 
•Volume of Copepoda for each Stotion" contain the total contents of the HorumUal Nets alone. 
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TABLE v.— : 


February. 




FEBRUARY. 


Ncts. 

Depth 
in Fa- 
thoms. 


Pelagic Eoes 

or FI8HB8. 


OopBPODA, Zoice, etc. 


Number 
of 

Boos 
in each 

Net. 


Number 

of 

Egos 

for each 

Station. 


Volume of CtoPBPODA, etc, in each Net. 


Volume 
of 

OOPBPODA, 

etc., 
for each 
Station. 


station I. 












14th: 3.45 p.m. 














Tow : \ mile . 


1 


2 




2 CO. 




Wmd:W.,f. 4 


2 


1 




7-6 c.c. 




Weather: cloudy . 


4 





6 


7c.c, 


42-5 cc 


8ea : smooth 


5 


2 




12-6 C.C. 




Tide: 4jhr9. flood. 


10 


1 




6 cc. 




Temperature — air: 8*7' 


15 







7-6 cc. 




Vertical net . 









8cc 
















17th: 11.30 a.m. . 





35 




148 Oopepods (16 Euduxta), 10 Zoect. 




Tow : t mile . 


1 


20 




5 cc. 




Wind:N.W.,f.3 . 


2 


17 




4-6 cc 




Weather: cloudy . 


4 


47 


183 


76 cc 


27-5 cc 


Sea: smooth 


6 


11 




8 cc 




Tide : 3 hrs. ebb . 


10 


26 




4-6 cc 




Temperature— air : 6-2' . 


15 


27 




2-6 cc 




Vertical net . 




3 




114 Copepods (5 i?u<;A«e«) b Zoca. 




StmUon III. 












18th : 1 p.m. 





2 




2*6 cc 




Tow:lmUe 


1 


9 




7 C.C 




Wind:N.N.E.,f. 4 


2 


6 




7 cc 




Weather: cloudy . 


4 


1 


72 


243 Oopepods,' mainly y. 


103-5 cc 


Sea: smooth 


6 


18 




60 c.c 




Tide: 2} hrs. ebb . 


10 


12 




17 cc 




Temperature— air : 47' . 


15 


24 




9cc 




Vertical net . 









1-6 cc 




StatloB lY. 












19th: 8.20 a.m. . 





17 




21 cc 




Tow: 1^ mile 


1 


2 




17 cc 




Wind:S.W„f. 4 . 


2 


3 




80 cc 




Weather: rain 


4 


2 


24 


16 cc. 


160 cc. 


Sea: choppy 


6 







28 cc 




Tide : 3 hrs. ebb . 


10 







27 cc 






15 







80 cc 




Vertical net . 









66 cc 




StaUon ¥. 












19th : 4.25 p.m. 





7 




67 cc. 




Tow : \ mile . 


1 


23 




61 cc 




Wind: S.W., f.3 . 


2 


16 




48-6 cc 




Weather: rain 


4 


4 


100 


10-6 cc 


249 cc 


Sea: sUght . 


6 


10 




22*6 c.c 




Tide : 5 hrs. ebb . 


10 


15 




26 cc 




Temperature— air: 6-6° . 


15 


25 




296 cc 




Vertical net . 




2 




8-6 cc 




Sum or Eoos f Horizontal Netft-886 eggs of 7 species, 
obtained on the< 
FiVB Stations, t Vertical Nets— 5 eggs of 2 species. 


Fn™'°ft^%™. |verti<»lNet.-14c 


>1 cc 

c 
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MARCH. 


Nsrs. 

Depth 
in Fa- 
thoms. 


Pelagic Eoob 

OF FlSHU. 


COPBPODA, Zoice, etc 


Number 
of 

Egos 
in each 

Not. 


Number 

of 

Eggs 

for each 

Station. 


Volume of Copipoda in each Net. 


Volume 
of 

COPBPODA, 

etc., 
for each 
Station. 


Station I. 












14th: 3.16 p.m. 





80 




7 c.c. 




Tow : J mile 


1 


30 




9 cc, l.q. E.* 




Wind:N.W.,f.S . 


2 


46 




18*6 cc. 




Weather: cloudy . 


4 


75 


290 


4S-6 cc, l.q. E. 


114-5 cc 


Sea:BUgfat . 


6 


37 




28*6 cc, l.q. E. 




Tide: 6 hrs. flood . 


10 


14 




10 cc, E. 




Temperature— air: S-S* . 


15 


8 




8 cc, E. 




Vertical net . 









2 cc, B. 




Station II. 












16th: 9.80 a.m. 





852 




8 cc, ahnost entirely E. 




Tow: Imile. 


1 


748 




4 cc, „ 




Wind:W.,f. 6 


2 


544 




2 cc, E. 




Weather : overcast, rain . 


4 


549 


3,598 


6 cc. 


22-6 cc 


Sea: choppy 


6 


448 




^ cc 




Tide:* ebb . 


10 


268 




4-6 cc, E. 




Temperature— air : 7*6* . 


16 


189 




8'6 cc, almost entirely E. 




Vertical net . 




18 




1 cc 




Station in. 












17th : l.ao p.m. 





628 




12 cc 




Tow : \ mile . 


1 


276 




12*6 cc 




Wind: aw., f. gale 


2 






7'6 cc 




Weather: rain 


4 


368 


1,921 


17 cc. 


8c.c 


Sea: choppy 


6 


362 




17 cc 




Tide : about low water 


10 


209 




12 cc 






15 


88 




10 cc 




Vertical net . 




S 




16 cc 




Station lY. 












18th: 3.16 p.m. 





39 




16'6 cc, very few E. 




Tow:} mile. 


1 


43 




22 cc, Lq. E. 




Wind: W.,f. gale . 


2 


38 




12 cc, E. 




Weather: rain 


4 


77 


373 


14*6 cc, l.q. E. 


118 cc. 


Sea: moderate 


6 


72 




21 cc, Lq. E. 




Tide : low water . 


10 


46 




12 cc, E. 




Temperature— air : 9-6' . 


15 


58 




20 cc, E. 




Vertical net . 




8 




8 cc, E. 




StaUon V. 












19th: 12.16 p.m. . 





6 




120 Copepods 




Tow : ^ mile 


1 


187 




6 cc, E. 




Wind:N.W.,f. squally . 


2 










Weather: cloudy . 


4 


769 


2.380 


24 cc, E. 


117 cc 


Sea: smooth 


6 


658 




85 cc, E. 




Tide: 2 hrs. 20 min. ebb . 


10 


612 




81 cc 




Temperature— air : 10* 


15 


158 




21 cc 




Vertical net . 




30 




4 cc 




Sim ot Eqob rHoriz. Netfl- 
obtained on the 
FiVB Stations, i. Vertical Nets 


«662eg 

-69 egg 


•gs of 16 species. 
-8 of 10 species. 


F,vi»«to>«. (vertiCNete-U-6 


cc 

cc 



* For the meaning of the letters used in this column, see p. 113. 
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TABLE VII.— April. 



APRIL. 


Nets. 

Depth 
in Fa- 
thoms. 


PiLAOIC EOOB 

OF Fishes. 


OOFBFODA, ZOMB, etC 


Number 
of 

Eoos 
in each 

Nkt. 


Number 

of 

Eoos 

for each 

Station. 


Volume Oofbfoda, etc., in each Net. 


Volume 
of 

COFSFODA. 

etc, 
for each 
Station. 


StmtloB I. 

11th : 8.40 p.m. 
Tow : \ mile . 
Wind:W.,f.8 
Weather: cloudy . 
Sea: smooth 
Tide: ihr. ebb. . 
Temperature— air: lO'S* . 
Vertical net . 



1 
2 
4 
6 
10 
15 


770 
241 
223 

266 
80 
46 
9 


1,626 


18 cc, 1 y., 1 a. 
6 6cc, 4y., la. 
54cc, ly., la. 

206cc, 3y.,la. 
86 cc, 
69 cc, „ 
14-6CC, ly.,la. 


438-5 cc 


14th:&40a.m. 
Tow : \ mile . 
Wind: S.W., f. 8. . 
Weather : cloudy . 
Sea: smooth 
•nde: iebb . 
Temperature— air: T'S* 
Vertical net . 



1 
2 
4 
6 
10 
16 


748 
1,026 
482 
839 
892 
189 
123 
54 


8,297 


8-6 cc, 4 y., 1 a. 
18 cc, 
174 cc, „ 
178 cc, 
120 cc, „ 
86 cc, 
28-6 cc 
20 cc, 2 y., 1 a. 


642 cc 1 


8teUoB in. 

19th: 1.20 p.m. 
Tow:JmUe. 
Wlnd:S.,f.4 
Weather: cloudy . 
Sea: sUght . 
Tide: 2hr8.ebb 
Temperature—air: 9" 
Vertical net . 



1 
2 
4 
6 
10 
16 


49 
138 
183 
320 
282 
111 

67 
127 


1,160 


102 cc, ly.jla. 
700C.C, 2y., la. 
190 cc. „ 
287 cc, 
180 cc, „ 
86 cc, ly., la. 
87 cc, 
62 cc. 


1,621 cc 


StmUon lY. 

18th : 9.10 a.m. 
Tow: i mile. 
Wind:aS.E., f. 5 . 
Weather: cloudy . 
Sea:8Ught . 
Tide: 4} hrs. flood. 
Temperature— air: lO'TS" . 
Vertical net . 



1 
2 
4 
6 
10 
16 


1 

21 

149 

208 

130 

96 

69 

16 


663 


2c.c., ly., la., 
71 cc, „ 
246 cc. „ 
606 cc, .. 
887cc,ly.,2a. 
186 cc, „ 
80 cc, 
26-6cc,ly.,la. 


1,376 cc 


StatloH Y. 

16th: 12.40 p.m. . 
Tow: imile . 
Wind: S.W.,f.3 . 
Weather: showery 
Sea: choppy 
Tide:4hr8.ebb . 
Temperature— air: 10-e* . 
Vertical net . 



1 
2 
4 
6 
10 
16 



895 
648 
1,160 
189 
456 
145 
52 


2,982 


14*6 cc, 8 y., 1 Bvadne 
17 cc, Bvadne 
67 cc, 4y., la. 
176 cc, „ 
88 cc, 8y., la. 
70 cc, 

47-6c.c,2y., la. 
18-6 CO., ly., la. 


424 cc 


Sum of Eoos fHoriz. Netu-8717 eggs of 21 species, 
obtained on the 
FiVB Statiohb. ^Vertical Net»-26 eggs of 18 species. 


""^^ir^, |Hori«,ntal Net_4400 cc 
F.vi°^A™H8. ^Vertical Nete-lSecc 
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MAY. 


Nw. 

Depth 
in Fa- 
thoms. 


PslaoicEqm 
ofPuhbs. 


OOPBPODA, Zoe4B, etc 


Number 
of 

Egos 
in each 

Nkt. 


Number 

of 

Eoott 

for each 

Station. 


Volume of Copbpoda, etc., in each Nn. 


Volume 
of 

COPKPODA, 

etc., 
for each 
Station. 


StaUoB I. 












9th: 8.56 p.m. 





229 




170 0epepods,ly., la. 




Tow: J mile . 


1 


242 




121 C.C., 1 y., 1 a. 




Wind:N.N.W.,f.4 


2 


U2 




880 C.C, ly., la. 




Weather: cloudy 


4 


160 


949 


926c.c.,4y.,la. 


2734-6 
cc 


Sea:8Ught . 


6 


186 




1216C.C., 4y., la. 




Tide: Uhr. ebb . 


10 










Temperature-Hdr: 12-2* . 


16 


40 




92'5cc., 2y.,la. 




Vertical net . 




28 




80ac.,2y., la. 




StmtloB n. 












nth: 9.80a.m. .. 





95 




9 C.C, ly., la. 




Tow : \ mile . 


1 


69 




lOOcc, ly.f 2 a. 




Wind:N..8quaUy . 


2 


66 




290 C.C, ly., 2 a. 




Weather: cloudy . 


4 


88 


478 


149cc,ly., la. 


870*5 cc 


Sea: sUght . 


6 


106 




225 cc, ly., la. 




Ude: low water 


10 


22 




68-6cc,ly..l a. 






16 


48 




44cc,ly.,la. 




Vertical net . 




18 




8-6c.c,ly., 2 a. 




StaUoB in. 












12th: 1.16 p.m. 





97 




201 Oopepods, 1 y., Sa. 




Tow : \ mile . 


1 


101 




216 cc, ly., 3a. 




Wind:N.W..f.4. . 


2 


68 




210 cc, ly.,3a. 




Weather: showery 


4 


104 


664 


482 cc, ly., 8 a. 


1439 cc 


Sea:8Ught . 


6 


101 




890CC, ly.,8a. 




Tide: 2 hrs. flood . 


10 


106 




180 cc, ly., 8a. 




Temperature— air: lO* 


16 


83 




00 cc ly.,8a. 




Vertical n«'t 




8 




IScc.a. 




StmtloB lY. 


1 










18th: 12.80 p.m. . 





60 




60Oopepoda, ly., la. 




Tow: I mile. 


1 


66 




2Bcc,a. 




Wind: N.W.,f. 2 . 


2 


71 




98 cc, a. 


370 cc 


Weather: cloudy . 


4 


117 


888 


14Scc,ly.,8a. 




Sea: smooth 


6 


70 




67 cc, ly., 8a., E. 




Tide: Ihr. flood . 


10 


6 




26cc,a.,E. 




Temperature— air: 10" 


15 


8 




16cc,a.,E. 




Vertical net.. 




22 




8-6 C.C, a. 




StmtloB ¥• 












14th: 8a.m.. 





118 




099 Oopepods, y. 




Tow:JmUe. 


1 


ns 




126cc,2y., la. 




Wind: cahn . 


2 


598 




207cc,2y.,la. 




Weather: cloudy . 


4 


627 


2246 


186cc,2y.,la. 


730-6 cc 


Sea : smooth 


6 


135 




160cc,2y.,la. 




Tide: 1 hr. ebb . 


10 


86 




48 cc, 8 c, 1 Z. 




Temperature— air : 7*2' . 


15 


26 




18cc, Ic, 2Z. 




Vertical net . 




36 




14 C.C, a., mainly. 




Sum of Eoos ( Horizontal 
obtained on the { species. 
FiVKSTATiora. ( Vertical Net 


Netfl-4'3 
e-111 ei 


no eggs of 28 
{gs of 16 species. 


Total Volume of fHorliontal Net*-681- 
Ck)PKP0DA, etc, no^onwi new-tWA 

Fivi'sTXs. tVertical-124cc 


Ice 
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JUNE. 



Stmtlon I. 

6th : 1.45 p.m. 

Tow : \ mile . 

Wind:8.K, f. 6 . 

Weather : rain 

Sea : moderate 

Tide : high water . 

Temprature— air : 11 •1*' 
Vertical net 



Strntlon II. 

8th: 9.15 a.m. 
Tow : i taile . 
Wind : S.. '. 2 
Weather : cloudy . 
Sea : smooth 
Tide : ( hr. flood . 
Temperature— air : \Z'9^ 
Vertical net 



Station lU. 

»th : 1.10 p.m. 
Tow : \ mile , 
Wind : 8.W., f. 2 . 
Weather : cloudy . 
Sea : smootii 
Tide : 3 hrs. flood . 
Temperature— air : 229 
Vertical net 



Nbts. 

Depth 
in Fa. 
thoms. 





1 
2 
4 
6 
10 
15 




1 
2 
4 
6 
10 
15 



PsLAOic Eees 

OP FiSHBS. 



Number 
of 

EoeB 
in each 

Net. 



ai 

56 
56 
42 
40 
5 
7 
6 



Number 

of 

Eoas 

for each 

Station. 



72 

78 
55 
78 

go 

60 
52 
16 



Strntlon IV. 

10th : 8.35 a.m. 
Tow : \ mile . 
Wind : S.W., f. l 
Weather : haay 
Sea: smooth 
Tide : 4 hrs. ebb 
Temperature— air 11 -l** 
Vertical net . 



Stmtlon Y. 

10th : 6.15 p.m. 
Tow : \ mile . 
Wind : E., f. 3 
Weather : cloudy 
Sea : smooth 
Tide : IJ hr. ebb 
Temperature— air : 
Vertical net . 



18-50 




1 
2 
4 
6 
10 
15 




1 
2 
4 
6 
10 
15 




1 
2 
4 
6 
10 
15 



171 
428 
241 
344 
333 
134 
116 
17 



CopBFODA, iTonv, eta 



Volume of (Dopepoda, etc., in each Nvr. 



237 



475 



106 
79 
41 

4 
3 
6 



61 
763 



577 
155 



111 



78 cc, a. 
486 cc, 1 y., 1 fl 
826 cc, a. 
806 cc, a. 
866 cc, a. 
166 cc, a. 
116 cc, a. 
47 cc a. 



8c.c, a. 
27c.c, a. 
81-6 cc, a 
61 cc, a. 
70 CO.. a. 
41 cc, a. 
27cc,a. 
10 cc, a. 



384 



2,549 



Sum OP Egos rHorlxontal Nets— 6400 eggs of 80 
obtained on the < species. 
Five Stations. (, Vertical Nets— 166 eggs of 14 species. 



149 Oopepods, a. 
12cc, a. 
28cc,a. 
46 cc. ly.,8a. 
114cc, 4y.,la 
71 cc, 4 y., I a. 
91c.c,8y., la. 
40 cc, ly., la. 



92 Ck>pepod8, a. 
2-76 cc, a. 
Sec, a. 
61 cc, a. 
196 cc, a. 
22 cc, a. 
17 cc, a. 
11*6 cc, a. 



Scc.la., 3Z. 
8cc.,la.,2Z. 
11 cc,la., 2Z. 
Oecc, ly., la.,lZ. 
72cc.,8y., la.,*iZ. 
18cc, la.,lZ. 
16c.c,ly.,la.,lZ. 
lice, ly.,2a., 8Z, 



Volume 

of 
Copbpoda, 

etc, 
for each 
Station. 



1786 cc 



265-6 cc 



497 cc 



307 cc 



188 cc 



Total Volume of f^^. . , .t * ««>^^ 

CoPKPODA, etc, J Hon«>ntal Net8-8048 c 

Fivr'stIwoss. (Vertical Net»-119cc 
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JULY 


Nits. 

Depth 
in Fa- 
thorns. 


Pklaoic Egos 

OF FiBUKS. 


CopEPODA, Zoea, etc. 


Number 

of 

Egos 

in each 
Nkt. 


Number 

of 

Eoo.s 

!or each 

Station. 


Volume of Oopkpoda, etc., in each Nbt. 


Volume 
of 

COPBPODA, 

etc., 
for each 
Station. 


Station I. 












6th : 9.35 a.m. 





124 




lcc.,a.,E. 




Tow : J mile . 


1 


90 




20*6 cc, mainly a. 




Wind:W. byS.,f. 2 


2 55 




12c.c.,mainly a. 




Weather : overcast . 


4 56 


444 


16 cc, mainly a. 


81'5c.c. 


Sea : smooth 


6 1 86 




14"6c.c., mainly a. 




•nde : k flood 


10 \ 17 




12*6 cc, mainly a. 




Temperature— -air : \^ 


15 16 




ecc, ly., 1 a. 


i 


Vertical net 


! 3 




2-5cc,a., E. 




iitatlon n. 








6th: 8.46 a.m, (i | 78 




86 cc, a. 




Tow : \ mile 


1 1 64 




21 cc, 1 y., 2 a. 




WindrW., f. 1 


2 42 




1*5 cc, 2a.,8Z. 




Weather : cloudy 


, 4 


43 


:i(»4 


l-6c.c,ly„la. 


97 cc 


Sea : smooth . 


6 


48 




9cc, ly.,2a. 




Tide : I hr. flood . 


10 


15 




lOcc, ly., la. 




Temperature— air : 14« 


15 14 




18c.c, ly., la. 




Vertical net 


; j 8 




1 cc , 6 a., 1 Z. 




Stmtlon III. 1 










8th : 5.5 p.m. 





67 




Abt. -7 cc 




Tow : i mile . 


1 







Abt. -6 cc 




Wind : N.W., f. 3 . 


2 


7 




2 Copepods, 102 Zoect. 




Weather : cloudy . 


4 


10 


129 


Abt. '6 cc, mainlytZ. 


6-5 cc 


Sea : smooth . 


6 


20 




Abt. -BccZ. 




Tide : IJ hr. ebb 


10 


9 




1 cc, 1 a., 1 Z. 




Temperature— air : 18'6*» . 


16 


7 j 


8cc,ly.,la.,2Z. 




Vertical net . 




5 




29 Copepods, 7 Zoitoe. 




StatloB 11 • 












7th : 8.45 a.m. 





183 




2'6cc, y. 




Tow : \ mile . 


1 


191 i 


16cc, ly..la.,2E. 




Wind : 8. W., f. 3 . 


2 


63 1 


10 cc, ly.,la.,2E. 




Weather : rain 


4 


18 


483 


79c.c,y., E. 


676*6 cc 


Sea : smooth . 


6 


24 




800c.c,y.,E. 




Tide : \ hr. flood 


10 


3 




160cc,y.,E. 




Temperature— air : 13 '5* . 


15 


1 




119cc,3y., la. 




Vertical net 




46 


10c.c,a., Z. 




Stmtlon Y. 




1 






7th : 4.26 p.m. 










1 cc, Evadfif 




To*: J mile . 


1 


64 




9 cc, y. 




Whid:N.W., f. 5 . 


2 


12 




4*5 cc, y. 




Weather : cloudy . 


4 


126 1 342 


121cc,y.,Z. 


602 cc 


Sea: slight . 


6 


100 1 


149cc,y.,Z. 




Tide : 1| hr. ebb . 


10 


34 


41 cc. y.. Z. 






16 


16 




261 cc, y., Z. 




Vertical net 




20 




18-6cc,y., Z. 




Sdm or Eoes ^ Horizontal Nets— 1708 eggs of 22. 
obtained on the V species. 
FiviarATiojr*. J Vertiaa N«te-40 eggs of 11 species. 


mri*'£?0Halv*rUc.lNeU-«2ac 


Ice 



Digitized by 



Google 



92 



Part III. — Seventeenth Annual Eepart 
TABLE XI.— August. 



AUGUST. 


Nets. 

Depth 
inTa- 
thoms. 


Pelagic Eggs 
or FisHBS. 


OopBPODA, Zoeas, etc 


Number 
of 

Eggs 
in each 

Net. 


Number 

of 

Eggs 

for each 

Station. 


Volume of Oopspoda, etc., in each Net. 


Volume 
of 

COPRPODA, 

etc, 
for each 
Station. 


Station 1. 

8th : 11.10 a.m. 
Tow : J mile . 
Wind:N.W., f. 1 . 
Weather .-cloudy . 
Sea : smooth 
Tide : 1 hr. flood . 
Temperature— air : IS** . 
Vertical net . 



1 
2 
4 
6 
10 
16 


5 
6 

8 
4 
1 
9 



38 


3 0opepod8, SZoece, 9 Evadne. 

18 Copepods (y.), 2 ZoecB, 7 Evadne. 

5 Medusa, 2 Zoea, E. 

14 Medusa, Caligus, (sp.). 

34 Medusa, 16 Zoea, 2 Copepods. 

141 Medusa, 10 Zoea, E. 

226 Medusa. 20 Ckipepods, E. 

11 Msdusa. 


About 

•2cc 

+ 

420 

Medusa, 


Station II. 

9th : 3.50 p.m. 
Tow : J mile 
Wind : W., f., 1 . 
Weather: fine 
Sea : smooth 
Tide : } hr. flood . 
Temperature— air : 15-9'=' . 
Vertical net . 



1 
2 
4 
6 
10 
15 


7 
6 
3 
7 
3 
1 
2 
2 


29 


8 Medusa, 3 Zoea. 

15 Medusa, CcUigus (sp.X 

33 Medusa, 1 Copepod. 

107 Medusa, 1 Copepod, 1 Zo€a. 

79 Medusa, 2 Copepods. 

105 Medusa, 3 Copepods, 17 Zoea. 

179 Medusa, 41 Copepods (1 y., 1 a.), 
A&Zoea. 

18 Medusa, 8 Copepods, 4 Zo^. 


About 

•5 cc 

+ 

526 

Medusa. 


StaUon III. 

9th: 2.20 p.m. 
Tow : i mile . 
Wind:W.,f. 1 
Weather : fine 
Sea : smooth 
Tide : } flood 

Vertical net . 



1 
2 
4 
6 
10 
15 


10 
1 
2 
2 
5 
5 
4 



29 


4 Copepods (y.). 

Asddian larva. 

8 MedusK, Caligus, (sp.). 

13 Medusa, 2 Copepods (y.), 1 Zofyi. 

28 Medusa, 7 Copepods, 4 Zoea. 

10 Medusa, 32 Copepods, (1 y., 1 a.), 
38 Zoea. 

1-6 c.c, 2 y., 1 a., 1 Z., M. 

1 Medusa, 1 Copepod. 


About 

1-8 cc 

+ 

54 

MeduMS. 


StaUon IV. 

9th : 11.5 a.m. 
Tow : J mile . 
Wind : N.W., f. 1 . 
Weather : fine 
Sea : smooth 
Tide : i flood 

Temperature— air : 15 •4*' . 
Vertical net . 




1 
2 
4 
6 
10 
15 


1 
5 
2 


1 




9 


4 Copepods. 

1 Copepod (y.), 1 Zoea, E. 

2 Copepods, 2 Zoea, E. 

Abt. A C.C., 4 Copepods, 1 Zoea, E. 
Abt. A C.C., mainly E., (c, Z., M.X 
Abt A C.C.. mainly E., (c, Z., M.). 
Abt 1 C.C. 2 y., 1 Z., 1 E. 
1 Copepod, 1 Medusa, 8 E. 


About 
2-3 cc 


Station T. 

9th : 7.85 a.m. 
Tow : J mile 
Wind : cahn . 
Weather : fine 
Sea : smooth 
Tide : Mbb . 

Temperature— air : 11 ■5<' . 
Vertical net . 



1 
2 
4 
6 
10 
15 



17 

1 
11 
10 
25 

2 




66 


Abt -Sec, mainly y., b Zoea. 

Abt Ice 2y., la. 

140 Copepods (3 y., 1 a)., 6 Zoea. 

8c,c, ly., 2 a., Z. 

8-6 cc, 2 y., 1 a., 1 Z., M. 

8 c.c, ly., IZ., a. 

8*5 c.c, ly., 1 Z., a. 

39 Copepods, ^ Zoea. 


• 

About 
14-6 cc 


SiTM or EooB /Horizontal 
obtained on the-< 8p>ecies. 
FivR Stations. (.Vertical Net 


Net8-1€ 

»-2egg8 


16 eggB 
of 2 8pe 


of 18 

ciet. 


S5l^,:SlX':'/Hori«,nta.Ne.^l9« 
Fnr^'»r!5?OK8. \venical Neto-Abt. « 


cc 
cc 
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Bib, Oadus Itiscus, Will. 

Brill, Bothus rhombus^ L. {Rhom- 
bus IcBvis). 

Cod, G, ccUlarias, L. (Gadus mor- 
rhua). 

Dab, Pleuronecies limanda, L. 

Dragonet, Callionymus lyra, L. 

Flounder, Pleuronecies flesus, L. 

Gurnard, Grey, Trigla gumardus, 
L. 

Gurnard, Red, T. mculus, L. 

Haddock, Gadus ceglefinus, L. 

Hake, Merluccivs vulgaris, L. 

Lemon Sole, Pleuronecies micro- 
cephalvs, Don. 

Ling, Moliba molva, L. (Molva vtil- 
garis). 

Long Rough Dab, Drepanopseiia 
piaiessoides, Fab. 

Mackerel, Scomber scombrus, L. 

Plaice, Pleuronecies plaiessa, L. 

Pollack, Gadus pollachiusj L. 



Poor-Cod, Gadus minuitts, L. 
Five - bearded Rockling, Onos 

musiela L. (Moiella mustela). 
Three-bearded Rockling, 0. iricir- 

raitiSf Briinn (M. iricirrata). 
Saithe, Gadus mrens, L. 
Solenette, Solea lutea, Risso. 
Topknot, Zeugopterus punctaiusy 

Bl. 
Turbot, Bothus tnaximus. Will. 

{Rliombus maximum). 
Weever, Trachinus vipera, Cuv. 
Whiting, Gadus merlangus, L. 
Witch, Pleuronecies cynoglossus, L. 
Phrynorhombus unimaculaius, 

Risso. 
Amoglossus latema, Gthr. 
Oienolahtis rupesiris, (Sp. F). 
Species C. 

., D. 

„ E. 

., G. 



Notes on the above List. 

Hake {Meriuccius vulgaris, L.). The egg which has been provisionally 
regarded as that of the hake has a diameter of 1-31-1 -SBram., with an oil 
globule measuring •25--35mm. Holt* gives the size of this egg as 1 -35 x 
l-OSmm. ; oil globule, -Smm. According to Raffaele,t the egg of the 
species measures -94-1 'OSmm. (O.G. J •27mm.). Mr. H. M Kyle has 
informed me that ripe eggs taken from a hake at Banyuls measured less 
than 1mm. in diameter, while other eggs measuring l*07mm. (O.G. 
•23-'27mm.), captured in the Mediterranean, produced larvae agreeing 
exactly with RaflFaele's description of the hake embryo. The disparity 
between the sizes given by Holt and Raffaele is too great to be accounted 
for merely by the variation found among the eggs of every species. 
^ Mackerel (Scomber scombms, L.). The size of the egg of this fish is 
given by Cunningham § as l-22mm. in diam., O.G. •32--33mm. In 
the Loch Fyne collections, ova measuring 1*2-1 •25mm. diam., O.G. 
•3-37mm., were obtained. The eggs of the mackerel have not, so far, 
been described from Scotch waters, but numbers of ripe mackerel are 
caught each year in Loch Fyne, and it is extremely probable that the 
diagnosis of the latter egg as mackerel is correct. 

Pollack (Gadus pollachius, L.). Holt|| gives M3mra. as the size of 
this egg. This agrees closely with the dimensions given by M*Intoshf , 
viz., 114mm. A number of eggs measuring I'llmm. were captured in 
Loch Fyne, and as this size is a little smaller than the average size of the 
saithe, they were regarded as Pollack. In the case of preserved eggs, a 

\*'!LS^ *^® *^ ^^^ ^"^^^ °^ Teleosteans." Trayis. Roy. Dublin Son/., vol. iv. (ser. 
II.), lo91. 



mr ■*■ .^ ?°^? galle^ianti e le larvo dei Toleostei nel Golfo di NapoU," MUiheU. ZooL Stat. 
NeaveL Bd. viii., p. 87, 1888. 
^ ^{\ globule. 

ourTUjU Mar. Biol. Assoc., N.S., vol. i., p. 81. 

p* eii, 

Vlntosh and Masterman, " British Marino Pood Ptehes," p 271 1897 
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large amount of dependence on size is necessary, since such a diagnostic 
feature as the pigment of the embryo is obliterated to a large extent. 
Holt* believes an egg measuring l'4-l-5mm., captured at Plymouth, to 
be the egg of a large Pollack. 

MtLLER's Topknot (Zeugopterus punctatus, Bl.). The size of the egg of 
this species is given by M'Intosh and Prince t as l'05mm. in diam., O.G. 
•2mm. An egg measuring Tlmm., O.G. •2mm., I have regarded as 
belonging to this species. 

Species A {Phrynorhomhus unimacutatus 1). An egg measuring 
•9-*95mm. in diam., O.G. •17-*19ram., occurred frequently in the tow- 
nets in May, and from time to time in June, July, and August. Holt § 
measured the ripe eggs of this form, and found them to be •92-*93mm. in 
diameter. Cunningham % records that eggs were obtained by Brook in 
Loch Fyne in June from a female P. uniinaculatus. They measured in 
diam. *96mm., and had a small yellowish oil globule. The eggs of 
Rhombus norvegicus are not very different from those of P, unimaculatus, 
but so far the former species has not been recorded from Loch Fyne. 
Holt* discusses the relationship between the eggs of the three Topknots. 

Species B (Amoglossus latema, Gthr.). Egg measuring •65-'7mm., 
O.G. '15. Holt li obtained ripe ova of this species. He fodnd them to 
measure *675-'690mm. in diam. (O.G. •14-"15mm.) in one case, in June, 
and -To-'TCmm. (O.G. •12-'13mm.) in another case, in July. Ehren- 
baum % had previously described an egg taken in the tow-net as belong- 
ing to this species. The egg obtained in Loch Fyne was very common 
in June and July, and occurred also in August It was obtained quite 
close to the surface in greatest numbers, but also occurred down to a 
depth of 10 to 15 fathoms. 

Spkcies C, D, E. These eggs measured respectively — C, 1'2 and 
l-25mm., O.G. •2mm.; D, M7mm., O.G. •15mm.; E, •9mm., 0,G. 
•27mm. Four eggs of C were found — two in April and two in May. 
One each of T) and E were noticed. 

Species F (Ctenolabrus rupestris, L. V), This egg, which measured 
•67-*72mm., was obtained in June and July. It has no oil globule, and 
very probably is rightly referred to Ctenolabrus rupestris (Holt**). This 
form is common in Loch Fyne. 

Species G. The egg labelled G in the Tables measured 1*12-1 -IGmm. 
in diam. (O.G. 'Smm. and over). It resembles very much the egg which 
I have diagnosed as that of the mackerel, differing from it slightly in 
diameter. It was captured in Loch Fyne in April, June, and July. 

Bib (Gadus Itiscus, Will). The eggs which have been regarded as 
belonging to this species measured, on the average, l*07mm. diam. 
A considerable number of eggs measuring exactly r07mm. were captured. 

On the Occurrence of the Eggs, 

The months in which the largest numbers of eggs were found in Loch 
Fyne are March, April, May, and June. The following Table shows the 
number of eggs for each month : — 



* Journal Mar. Biol Auoc.^ vol v. No. 2, p. 131. 

t " Development of Teleostean Fishes." Trans. Roy. Soc. Edin.^ vol. xxzv., pt. iii. 
t Cunningham, ''Marketable Marine Fishes," 1896, p. 277. 
§Holt, Journal Mar. Biol. Asxoc.^ vol. v., No. 1, p. 46. 
\\ Journal Mar. Biol. Assoc. y vol. v., No. 1, p. 49. 

IF Eier u. Liarven von Fisch. d. deutsch., Bucht. Wissensehaftltche Meeresunier- 
tuehuiwen wr der Bioloqischen Anstalt auf Helgoland^ neue Folge, 2ter 3d. Hft. i., 1896. 
**Jour. Mar Biol. Assoc., vol. v., No. 2 p. 124. 
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Month. 



No. of Eg^. 



Month. 



January, 
February, 
March, . 
April, . 



136 
3,297 
9,717 



May, . 
June, 
July, . 
August, 



No. of Eggs. 



4,710 

5,409 

1,703 

166 



It will be noticed that the numbers given here for the months of 
February and March differ from those given in Tables V. and VI. 
During February and March the horizontal tow was much longer than 
during the succeeding months ; and it is therefore necessary, as a basis 
for comparison, to reduce the numbers to a |-mile tow. 

In April the largest number of eggs are to be found ; and during the 
four months above mentioned the eggs of every species which were 
found during the eight months appeared. The main spauming period 
also of every species, with two exceptions, was found to occur between 
March and June. 

In the accompanying Table, XII., the spawning periods of the different 
species are shown. The following symbols are used, viz. : — 

* indicates that eggs were found during the month so marked. 

X marks the month in which the largest number of the eggs of each 
species were captured. 

X signifies that a large number (proportionally to the total of that 
species) of eggs of the species were captured. 
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TABLE XIL 
TABI.E Showing the Spawning Season of each Fish, 

AS DETERMINED BY THE OGCUBRENCB OF THE EGGS.' 



Jan. 



Feb. 



Mar. 



April 



May 



June 



July 



Aug. 



Rockling, Onos mtuftdu^ and tri- 
cirratiiSy 

Dragonet, Callionymus lyra, 

Cod, Oadus ccUlarias^ 

'Kaddock y Oadus aeglefinusy 

Whiting, Gadus merlangusj 

Saithe, GadvA inrens, 

Bib, Oadu6 luscuSf 

Plaice, Pleuronectes plcUessa, 

Turbot, Bothus maximusy 

Dab, PL limanda 

Flounder, PL flesu8y 

Gurnard, Tr»gr/a sp., 

Pollack, Oadus poUachiuSy 

Long Rough Dab, Drepanopseltu 
plcUessotdeSy 

Solenette, Solea lutea, 

Witch, PL cynoglossxLSy 

Mackerel, jSc<wi6cr «com6rM«, 

lang, MdiM molvay 

Poor-Cod, Gadus minutiiSy 

Ilake, Merluccius vulgaris^ 

Species G, .. 

Phrynorhomhus tinimaaUatvs (?), 

Zeugopterus punctatus, 

Trachinus tnperay 

Lemon Sole, PL microcephalus, . . . 

Amoglossus latemay Gthr. (?) 

Brill, Bothus rhomhusy 

Ctenolabrus rupestrisy L. (?) 



X 

X 

* 

X 

X 

X 



X 

X 

X 

X 

X 
X 

X 

X 

• 

X 
X 



X 

X 

X 

* 

X 
X 



X 

X 
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On the Spaipning Periods of the Food Fishes, 

Fulton * has described the spawning periods of a number of fishes as 
regards the East Coast of Scotland. It is interesting here to find how 
far the West Coast agrees with the conditions of the East Coast. For 
this purpose a comparison may be made between Fulton's observations and 
the data, so far as they are applicable, supplied by the work in Loch Fyne. 

Plaice. The spawning of the plaice, according to Fulton, from the 
examination of the fish, commences about the end of January, and con- 
tinues through February and a part of March. The only ripe plaice 
captured in January by the "Garland" were taken on Smith Bank 
(Moray Firth). Fulton, referring to this fact, mentions that this fish 
seems to spawn earlier on the North Coast than further south. 
Masterman,t from a consideration of the published lists of eggs captured 
by the " Garland," fixed the spawning period of the plaice as extending 
from the beginning of February to about the 20th of May, with a 
maximum in mid-March. 

In Loch Fyne no plaice eggs were found up to February 19th ; but 
between the 14th and 19th of March a considerable number were found 
there. In April (11th to 19th) they were most abundant. They were 
still present in May, and in June the five stations furnished four eggs. 
Plaice eggs did not after that date appear in the tow-net collections. So 
far as the year 1898 is concerned, then, the spawning period of the plaice 
is later in Loch Fyne than on the East Coast. 

Cod. a spawning period from the end of February to the end of 
May, chiefly March and April, is given by Fulton for this fish. Master- 
man substantially agrees with this. 

Two eggs of cod were captured on February 19th in Loch Fyne. In the 
following month the eggs were very common, and in April were extremely 
abundant. Twenty-eight days later, viz.. May 9th- Hth, the numbers had 
diminished by one-half. A fair number was captured in June ; in July 
one or two examples were found in the loch. As regards this species, 
the spawning periods on the East Coast and in Loch Fyne correspond 
almost exactly. 

Haddock. The haddock spawns on the East Coast from the end of 
January to the end of April or beginning of May (Fulton). In the Firth 
of Forth this egg has been obtained as late as June 13th (Masterman). 

The month during which the eggs of this fish are most common in 
Loch Fyne is March. * In April and May they are still present in con- 
siderable numbers. Spawning was continued into June. On January 
20th, an egg which appeared to belong to this species was found on 
Station II. It was, however, only in February that they appeared in 
appreciable quantity. For Loch Fyne the spawning period appears to 
extend from the middle of February till the middle of June. 

Whiting. The eggs of this fish appeared in February, were present in 
March, and reached their greatest abundance in April. In May the 
quantity equalled about half that of the previous month. In July and 
August the eggs were also captured. The spawning period apparently lasted, 
then, in 1898 from February till August. For the East Coast the spawn- 
ing period is from early March to the third week of August, chiefly 
April (Fulton); a period which agrees closely with that of Loch Fyne. 

Saithb. First appearing in February, they were found up till June. 
One or two eggs captured in July and August were also referred to this 
fish. 

*** The Spawning and Spawning Places of Marine Food Fishes": Eighth Annual 
Report Fishery Board for Scotland ^ Part III., p. 267 ; "Observationson the Reproduction, 
Mattirity, and Sexual Relations of the Food Fishes " : TetUh Annual Re^xn-tj Ibid, p. 232. 

t " A Review of the Work of the ' Garland ' in connection with the Pelagic Eggs of the 
Food Fishes" (from the Firth of Forth). FifUenUi Annual RepoH, Ibid p. 219. 
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TuRBOT. The eggs of this form were first found in March, and the 
numbers steadily increased during the succeeding months, until the 
maximum was reached in June. They were fewer in July, and still 
persisted in August. From March to August, then, is the period in which 
spawning takes place in Loch Fyne. The spawning period on the East 
Coast lasts from April to July (Fulton). Masterman gives a period from 
mid-May to mid-July. In Loch Fyne the turbot, then, appears to spawn 
earlier than on the East Coast. 

Mackerel. The largest number of the eggs of the mackerel was 
obtained in July, a considerable number having been taken in the 
preceding month. In April two eggs were captured ; but in May they 
were not found in the tow-nets. The eggs of the mackerel have not so far 
been recorded from Scottish waters. This fish, it is, however, well known, 
spawns iD Loch Fyne in July and August, and individuals with large roes 
are taken in considerable quantities in herring nets. ^ 

Lemon Sole. The eggs of this species were captured in June, July, 
and AugiLst. From the numbers of eggs obtained during these months 
spawning seems to take place principally in June and July. On the 
East Coast, May, June, and July are the months devoted to spawning 
(Fulton). 

Brill. The eggs of the brill appeared in June and July, but in so 
small quantity that it is impossible to make any inference regarding the 
spawning period of this fish. So far these observations agree with those 
of Fulton in reference to the East Coast, though it spawns also in April 
and May. 

Dab and Flounder. The eggs of these two forms are very closely 
associated as regards their distribution and the periods during which 
they may be captured with the tow-net. In Loch Fyne these eggs 
appear in March, and are found each month up to August. They are 
both found in greatest abundance in April, and after May the flounder 
eggs decrease in number at a greater rate than do the eggs of tiie dab. 
In July and August only a few solitary flounder eggs were found. Dab 
eggs were still present in considerable numbers in July. 

For the flounder the spawning period on the East Coast is from the 
end of January until July, and for the dab the same period extends from 
the end of February to July (Fulton). Masterman gives for the flounder 
a period of from March 6th to June 2 2d, and for the dab a period from 
February 19th to August 29th. On the East Coast, then, these two 
forms appear to spawn earlier than they do in Loch Fyne. 

Bib. a solitary egg of this form was found in February. In March 
the eggs of the bib were abundant. They continued on till July, 
diminishing rapidly in number after ApriL According to M'Intosh and 
Masterman,* the bib spawns in January and February. The period for 
Loch Fyne is much longer. Later in beginning, it lasts till July. 

PooR-CoD. This species appears to begin spawning in April and con- 
tinues doing so until July, the maximum being reached in June, although 
the number of eggs captured in May does not fall very far short of the 
June total Mcintosh and Masterman give for this fish a spawning 
period of from March to June. In Loch Fyne the spawning period begins 
one month later, and is continued for a month over the East Coast period. 

Long Rough Dab. During the months of March, April, May, and 
June the eggs of the long rough dab are to be found in Loch Fyne. In 
April the largest number of eggs are deposited. Fulton gives for the East 
Coast from the end of January to the end of April as the spawning period. 
M'Intosh and Masterman add the month of May to that period. In Loch 
Fyne spawning begins later and does not cease until June. 
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Pollack. The eggs of polla(!k were found in Loch Fyne in March, 
April, May, and June. February (1) to May is given as the spawning 
period by M'Intosh and Masterman. 

Witch. The eggs of this form appear in Loch Fyne in April, and are 
to be found every month until August. May to September and May to 
July are the spawning periods given by Fulton, and M*Intosh and 
Masterman, respectively. 

Ling. The eggs of this fish were captured in April, May, June, and 
July, but not in sufHcient numbers to warrant any inference as to the 
spawning period. 

SoLENETTB. Three eggs only were obtained — one each in March, April, 
and May. 

RocKLiNG. The eggs of the different recklings have not been separated, 
but the majority belong to tlie five-bearded species. Rockling eggs 
appeared in January along with the eggs of the dragon et, and were to be 
found in Loch Fyne right on till August. The largest number of eggs 
are found in April. 

The curve of spawning of a fish does not rise gradually to its greatest 
height and then sink at a rate equal to that by which it rose. The rising 
portion of the curve is usually much steeper than the sinking portion. In 
other words, there is more regularity in the time of the opening of a 
spawning period than there is in ending it. Very shortly after spawning 
has commenced the majority of the species will be spawning, and the 
height of the spawning period is soon reached ; but after the majority has 
ceased spawning a few individuals may carry on spawning for a month or 
more longer, and the curve acquires a very gentle downward slope. This 
may be seen by reference to Table XII., p. 96. It will 
be noticed that in many cases the height of the spawning of any one 
species takes place about a month or two months after spawning com- 
mences. The %gg^ however, is found for several months after the height 
of the spawning period is passed. In certain cases, which appear to be 
exceptions, the number of eggs dealt with is small, and therefore the date 
of the heiglit of spawning may be wrongly fixed. A similar condition 
may be seen in the curves of spawning given by Fulton.* 

I)RAGO^ET. The eggs of dragonet occur during the first eight months 
of the year. One egg of dragonet and seven eggs of rockling were all the 
eggs obtained in January, and eggs of these two species occurred each 
month after. The largest number of eggs was obtained in June ; con- 
siderable quantities were, however also obtained in April and May. The 
curve of spawning for this form does not agree with the theory advanced 
above, but so far as this research is concerned it is the only important 
exception. According to M*Intosh and Masterman, the dragonet spawns 
from May to August. In Loch Fyne the spawning season begins four 
months earlier. 

On the whole the spawning seasons which have been determined on 
the East agree very closely with the spawning seasons in Loch Fyne, so 
far as concerns the year 1898. The date when a species may commence 
spawning varies from year to year, and correspondingly the last date 
upon which the ova of that species are to be found in the sea may be 
earlier or later from year to year. Allowing for that annual variation, 
it is probable that with further investigation the disparity in the 
spawning periods which is supposed to exist between the East and 
West Coasts may be altogether eliminated or at least restricted to a few 
species. 



•r<rUA Annual Report of the Fishery Board, Part III., p. 242, pi. vi. 
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Stage of Development' of the Eggs, 

The development of the pelagic egg has been conveniently divided into 
five stages by Hensen aud Apstein.* Hensen and Apstein, in comparing 
the eggs as to stage of development, contrast in one Table the number of 
eggs in the first stage with the total number of eggs (p, 5Jf) ; and in a 
second Table (p, 61) compare the eggs of the first stage to the sum of the 
eggs in other stages. I have adopted the latter as the standard for 
comparison, and shall reduce the relation to a ratio for the sake of 
simplicity. They may be briefly described as follows : — 

Stage a. — From the fertilisation of the egg up to the formation of the 
blastoderm and the germinal cavity. 

Stage p.— From the formation of the blastoderm up to the closure of 
the blastopore. When the blastopore closes the embryo is half round the 
yolk. 

Stage y. — From the closure of the blastopore up to the point in 
development where the embryo is two- thirds round the yolk. 

Stage 6. — From the end of Stage 7. up to the point where the 
embryo is three-quarters round the yolk. 

Stage €. — From the end of Stage 5 up to hatching. 

Figures of corresponding stages are given by Hensen and Apstein. 

Nearly half of the eggs captured in Loch Fyno during 1898 were 
in the first stage of development (a). Of a total of 31,516 eggs, 15,000 
belonged to Stage a ; while the other stages, P, y, 8, and e, were 
represented by the numbers 5691, 6424, 2295, and 1987 respectively. 
The eggs in Stage a are not, on an average, more than two days old, 
and in number they nearly equal the eggs which have reached later 
stages of development. The proportion of a eggs to eggs in other 
stages varies in each month, and varies also for each station. In this 
connection attention will be restricted to the principal spawning months — 
viz., March, April, May, and June. 



[Tablk. 

Honson and Apstein. Die Nordsee-Expedition, 1895. Kiel, 1897. 
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Table Showing the Ratio between the Numbers op Eggs 
AT Different Stages op Development. 















Ratio 


of 


Ratio of 


Stage. 


a 


P 


7 


8 


€ 


a to 

(^ + y + 


8 + c). 


atox 
for the five 














stations. 


March. 


















Station L 


174 


46 


32 


23 


6 


1-6 


1 




„ II. 


1607 


912 


609 


293 


185 


•8 . 


1 




„ III. 


1287 


250 


146 


146 


112 


1-9 


1 


1-2 : 1 


„ IV. 


246 


72 


35 


13 


7 


1-9 


1 




., V. 


1531 


600 


175 


54 


26 


1-7 


1 




April. 


















Station I. 


738 


193 


368 


173 


155 


•83 : 


1 




„ II. 


778 


256 


799 


507 


960 


•3 : 


1 




„ IIL 


447 


242 


262 


106 


93 


•6 : 


1 


•75 : 1 


,, rv'. 


207 


158 


215 


43 


40 


•45 : 


1 




„ V. 


2028 


674 


307 


39 


34 


2 : 


1 




May. 


















Station I. 


573 


154 


176 


35 


11 


1-2 : 


1 




,. n. 


194 


85 


134 


26 


34 


•7 : 


1 


1 : 1 


.. m. 


400 


86 


81 


38 


49 


1-7 : 


1 




„ IV. 


182 


44 


92 


42 


28 


•88 : 


1 




„ V. 


1056 


287 


676 


189 


38 


•88 : 


1 




June. 


















Station I. 


195 


30 


11 


1 


— 


4-6 : 


1 




., II. 


259 


86 


118 


10 


2 


1-2 : 


1 




., m. 


947 


482 


305 


25 


9 


11 : 


1 


•68 : 1 


„ IV. 


80 


56 


134 


81 


33 


•26 : 


1 




,. V. 


716 


496 


946 


303 


86 


•39 : 


1 




July. 


















Station L 


390 


46 


8 


— 


2 


6-9 : 


1 




„ n. 


266 


30 


7 


1 


— 


7 : 


1 


•93 : 1 


.. in. 


76 


35 


20 


— 


— 


13 : 


1 




.. IV. 


82 


48 


293 


40 


24 


•2 : 


1 




„ V. 


102 


69 


117 


37 


17 


•4 : 


1 





The above Table has been prepared showing the ratio between 
the number of eggs in Stage a and the sum of the eggs in the remain- 
ing four stages (x) for each station, and for all the stations in each 
month. During March the ratio of a to x ^^ 1 *2 to 1 ; and on 
every station but one this ratio exceeded 1. This indicates that at 
the date in March when the experiments were carried out a large 
number of fish had just commenced spawning, and the newly deposited 
eggs exceeded in number those which had been spawned during 
the previous two or three weeks, and which were still unhatched. 
During the April trip the jatio was found to be less than 1 — viz., 
•75 to 1. At this date, then, spawning had abated somewhat, and the 
number of eggs which were being added to the water did not quite 
equal those developing there. From the collections made in May it 
is seen that spawning had again increased, and the ratio borne by a 
to X equalled 1. In June there was a decrease in the number of 
newly spawned eggs ; but in July they again nearly equalled in number 
the eggs at other stages of development. A comparatively small 
number of eggs were obtained in February, and of these the ratio of 
a to X = '7 to 1 . The standard by which these different months are 
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here oompared is quite an arbitrary one, and is only used in order to 
show the relation between the numbers of eggs just spawned and the 
numbers of eggs present in the waters at certain dates. It simply 
indicates increase or decrease in a. In a single week after each of these 
dates it is quite possible that the ratio might have very materially 
altered. While we are dealing with the sum of the eggs of all species, 
the change from a minimum to a maximum spawning season for any 
individual species must also be taken into account. The large increase 
in the ratio of newly spawned eggs at any period is mainly due to the 
fact that a number of species begin spawning then. For example, in 
March the ratio of a to x is equal 1 '2, In February seven species were 
spawning, and in March other eight species commenced to spawn. 
At the same time two species, haddock and bib, had reached 
their greatest spawning period ; but the numbers of their eggs are so 
small as not to affect the main result. At the height of the spawning 
period of a fish the number of eggs in each of the stages ought to be 
very nearly equal, or at least ought tp show a greater tendency towards 
equality than they would do in early or late portions of said period. 

lu April six species commenced spawning, and for eight species this 
month was the main spawning time. We find, then, that the ratio of 
a to X is diminished by one-fourth — viz., to '75. 

Twenty-one species were spawning in May, but none of these was 
at its Tnaximum; three species commenced spawning. The ratio has 
increased, and now equals 1. The ratio decreases again in June — viz., 
to '68. During this month seven species are at their main spawning 
period, and four species commenced spawning. In July the ratio is 
again increased — viz., to '9. Twenty-two species are still spawning; 
five species have left off spawning. 

The five stations vary as regards the numbers of eggs in Stage a. 
The presence of large numbers of eggs in the first stage of development 
in any area may be taken as prima facie evidence that they were 
spawned somewhere in the neighbourhood, since, on an average, such eggs 
are not more than two days old. By the data supplied by the Table an 
attempt might be made to infer the location of the principal spawning 
places. It must, however, be borne in mind that the transport of 
floating eggs from one place to another may take place with considerable 
rapidity, especially in cases where the surface water is acted upon for any 
length of time by the wind blowing in one direction, or when the tidal 
movement is great. (See p. 119.) 

The proportion of eggs in each stage is shown diagrammatically in 
Plate III. A circle is used to represent 3600 eggs, and a segment of the 
circle proportional in size to their number is given to the eggs of each 
stage. The segments are contrasted by difference in shading. Fig. 1 
gives the key to the shading adopted, segment I. referring to Stage a, 
II. to Stage jS, III. to Stage y, IV. to Stage 5, and V. to Stage c It is 
at once seen from an examination of the plate that spawning appears to 
take place chiefly in the vicinity of Station V., at the very head of the 
loch. In April and May especially the proportion of early eggs was 
very great ; and in March also they exceeded the sum of the eggs of 
later development. Stations II. and III. are also probably closely 
associated with spawning places. 

The eggs have so far been discussed without regard to species. Tables 
XIII. and XrV. give analyses of the eggs of the more important species 
with respect to the stage of development. Cod and haddock have been 
grouped together, as also h^ve whiting and saithe. 
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In order that changes in the ratio of a to x during succeed- 
ing months of the spawning season, such as are seen when the sum 
of the eggs is treated, may be found also in the eggs of one species, it is 
necessary that the eggs of that species be present in considerable 
numbera In the case of «those eggs which formed the bulk of the tow-net 
collections the gradations are well marked ; but species which are 
represented by comparatively few eggs do not furnish evidence in support 
of the rule. Again, if the eggs of any one species were obtained in 
sufficient numbers, a more correct estimation of the changes in the ratio 
would be discovered. A Table has been prepared showing the ratio 
of a to X ^or each month for a number of species. 



[Table. 
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So far as this research bears evidence on the question, I shall take as 
the normal relation of a to Xi that given by the eggs of the cod. The 
spawning season of this form lasts from March to June, and during the 
four months the ratios are 1'5, '74 ; '74, and '66 respectively. The ratios 
deduced from Hensen and Apstein's Table for the eggs of the cod are 
considerably smaller. For their second trip, which took place in the 
beginning of March, the ratio was '6, and for their third trip, at the 
end of April, the ratio was then -4. In the middle of February 
the ratio was '8. In this case also, as the Qerman authors point out, the 
proportion of early eggs is greater in the beginning of the spawning 
season, and diminishes towards the end of the season. The ratios which 
I found to exist in the case of the eggs of the cod differ to some extent 
from those given by the sum of the eggs of all species ; but the latter are 
not, owing to their referring to a mixture of eggs of species having 
different spawning seasons, likely to be identical with the true ratios of any 
one species. The experiments in Loch Fyne were carried out once a 
month ; but in order to accurately determine the normal relations between 
the number of eggs of each stage at different periods, continuous observa- 
tion in a spawning area during the whole spawning season would be 
necessary. Weekly examination would be required in order to eliminate 
any irregularity or intermittence in spawning to which through meteoro- 
logical or other conditions the whole body of spawning fish may be 
subject. Hensen and Apstein also point out how the disparity between 
the numbers of early and further advanced eggs may be due (1) to the 
fact that the eggs in Stage e (about ready to hatch) may sink to a greater 
depth than the early eggs ; (2) to the destruction of the eggs in one way 
or another. From a consideration of the results of their North Sea 
expedition they are led to the conclusion that a very large percentage 
of the eggs die ; and that for every 100 eggs found in the water, 159 have 
been spawned and fertilised. And, further, of 100 eggs 35*9 only hatch. 
So far as my own observations in Loch Fyne go, I am unable to 
corroborate this estimate. On their second and third trips the German 
authors found, in certain collections consisting of 2600 eggs, 125 eggs of the 
fifth stage (c), i.e., one-twentieth of the whole. In Loch Fyne I obtained 
during the months of March, April, and May 6113 eggs, and of these 
529, or one-eleventh, were in the fifth stage. On Station II., however, 
in April, of 887 cod eggs 332 were in the fifth stage, the remaining eggs 
being arranged as follows: — Stage a, 157 ; )3, 67 ; y, 201 ; 8, 130. 

It is also necessary to remember the difference between a confined loch, 
like Loch Fyne, and the open sea. It is possible that many of the 
cod eggs collected in Loch Fyne were drifted in from the outside during 
their development, and this might increase the proportion of those found 
to be in late stages. 

As to the suggestion that the eggs in advanced development sink, 
Hensen and Apstein (o.r., p, 62) write regarding cod eggs : — ** In 5 
" vertical hauls, 22 eggs of the fifth stage were found at depths greater 
" than 20 metres [10 fathoms], and only one at a depth less than 5 metres 
" [2^ fathoms]. In 9 horizontal tows [surface], which produced 828 eggs, 
"only 15 eggs belonged to the fifth stage. The eggs in the last stage of 
"development then seek greater depths. They sink to regions which are 
" comparatively poor in living organisms, and where the darkness affords 
** them safe shelter." 

My own records do not refer to a greater depth than 15 fathoms (27 
metres). Only in rare cases were cod eggs of the fifth stage found deeper 
than 6 fathoms. The great majority was captured at depths less than 
6 fathoms. I give here an analyds of all the eg^s obtained op 
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Station 11. in April, and it is seen that- most of the advanced eggs were 
found close to the surface. This fact does not, of course, exclude the 
possibility that eggs do float at great depths, but it is conclusive proof that 
their doing so is not dependent upon the stage of development at which 
they have arrived. 

Station II., April. 
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In the list of eggs published by Holt*, it is apparent that by far the 
largest number of eggs in his Stage III. [Stages S and c] were captured 
at the surfaca On one occasion only — viz., off Mewstone, March 30th — 
was any considerable number of eggs of that stage taken in the bottom 
net. 

Meekf also found in the shallow water off the coast of 
Northumberland that the eggs of any one stage in development were 
not characteristic of any particular depth. The same holds good for 
all species. In every case the vast majority of the eggs of Stage c 
taken on any station were found within 6 fathoms of the surface. 
On Station II., in March, of 185 eggs of all species in Stage c, 178 were 
taken within that depth. At Station III., in the same month, of 112 
eggs only 17 were obtained at 10 and 15 fathoms ; while of 
960 eggs in Stage €, captured on Station II. in April, 900 were found in 
the nets fishing between the surface and 6 fathoms. This is so for the 
following species : — Haddock, whiting, saithe, bib, dab, plaice, flounder, 
rockling, dragonet, mackerel, lemon sole, long rough dab. Of the other 
species present the numbers are too small to be of moment, but in no 
case do they disagree with the general statement made above. 

The five stations show characteristic features in respect to the stages 
of the eggs to be found in their vicinities. Station II. is specially 
remarkable for the numbers of advanced eggs of almost every species. 
This is seen in each month, but is more particularly noticeable in April, as 
a glance at Table XIII. will show. During March and April all of the 
stations furnished considerable numbers of eggs in the stages y, 8, and 
€. On Stations IV. and V. in May and June advanced eggs were 
common, and in the case of certain species were found only in these 
localities. Station III. in May supplied a good number of eggs of the 
three later stages. Tables XIII. and XIV. give an analysis of the eggs of 
a number of species only ; they are all that it is necessary to publish. 
The other species, from the scarcity of their eggs, do not demand special 
attention in this connection. 

• Jour. Mar. Biol. AmoCj vol. v., No. 2. 

•♦■ Report on Trawling Excursionxy Northumberland Sea Fisheries Committee, ]897, 
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On the Number of Pelagic Eggs in Loch Fyne. 

In this part of the research Upper Loch Fyne only will be considered. 
Upper Loch Fyne is cut oflf sharply from the rest of the Clyde by its 
narrow entrance at Otter, 15 fathoms in depth. It is thus possible to 
consider it as, to some extent, an independent piece of water, and the 
data given by observations and experiments confined to this restricted 
area are perhaps more likely to lead to definite results on certain points 
than comparatively few observations scattered over a larger region. 

In order to determine the number of eggs in Loch Fyne two methods 
were employed, viz.: — By means of nets towed horizontally, and by 
vertical hauls. Neither of these are other than approximately accurate. 
On each station seven nets were towed horizontally for a distance usually of 
one quarter-mile, at various depths below the surface. The upper edge 
of the ring of the top net was as far as possible on a level with the 
surface. The other six nets were at depths of 1, 2, 4, 6, 10, and 15 
fathoms respectively. Each tow-net had a mouth 2 feet in diameter 
(radius \ yard), and it may be here taken for granted that it filtered, in 
travelling a quarter-mile, a column of water equal to the superficial area 
of its mouth multiplied by \ mile, i.e., = p x \ X 506 § cubic 
yards. 

The mile here referred to is a sea mile, which equals 2026f yards. 

I. The volume of water filtered by 7 nets — 1 y, -^ x ^ x 506f 
cubic yards. 

There are four stations (XL, III., IV., and V.) in Upper Loch Fyne. 
Therefore the total volume of water filtered by the fleet of seven -nets in 
working the four stations once = 4 x ^ x ^ x 506 1 cubic yards — 
4954^ cubic yards. 

II. The water area of Loch Fyne at low water = 28*5 square sea 
miles. The experiments were carried out in the upper stratum of water 
15 fathoms in thickness. The volume of water sampled at the four 
stations is equal to the area x depth. 28*5 miles square = 117,060,266f 
square yards. The volume of water sampled — 117,060,266^ x 30 
cubic yards. 

In order to obtain the number of eggs in the loch, the total number of 
eggs obtained on the four stations is to be multiplied by a coefficient 
which is found by dividing the volume of water in the upper stratum of 
15 fathoms by the volume of water filtered in obtaining these eggs. 

III. The Coefficient ^ il7^,266|o^ ^ 708,872-72 

4954/y ' 

Two errors are introduced into the above calculation — (1) It is assumed 
that all the water which the net nieete passes through it, but that is not 
the case. The cloth of the net in this case is of fairly open material 
(see p. 80), and the quantity of water which flows over the edge of the 
mouth is probably comparatively small. This error, however, has the 
effect of giving too low an estimate. (2) The second error is incurred by 
taking the whole surface area of the loch instead of only that portion of 
the area beneath which there is a depth of at least 15 fathoms. But as 
Loch Fyne is very deep, even close up to the edge, and since the eggs 
were for the most part obtained from depths of six fathoms and less, a 
depth which is found very near the shore, the error is probably a small 
one. This error has the effect of magnifjring the result. The errors 
numbered 1 and 2 will therefore to a large extent neutralise one another. 
A few of the tow-net collections have been lost, and allowance will be 
made for these in the calciilations. 
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During March the number of eijgs of all species, when reduced to a 
quarter-mile tow, was 2913. If, then, we multiply this number by the 
coefficient, we should get approximately the total number of eggs in the 
loch at that time. In allowing for the loss of the contents of two of the 
nets, the factor has to be increased by one-thirteenth. 

Thus the approximate number of eggs in Upper Loch Fyne at the 
time of the March trip = 2913 x (708,872 -f 54,528) = 2913 x 
763,400 = 2,223,784,000 eggs of all species. 

The total number of eggs of each species, obtained by filtering the 
standard volume of water, is multiplied by the factor, and the approxi- 
mate number of eggs of the species present in the loch at the time is 
obtained. This is done for each month, and the results are given in 
Table XY. In this case the eggs of cod and haddock are grouped, as 
likewise are whiting and saithe. 

Table XV. —Estimated Numbers of the Eggs op Certain Species 
Present in Upper Loch Fyne at the Periods op Examination. 

[The numbers denote millions.] 
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The quantitative estimation of plankton has been carried to a high 
degree of accuracy by Hensen. An adaptation of the vertical net invented 
by him he found to be applicable to the estimation of pelagic ova in the 
North Sea. 

In Upper Loch Fyne vertical hauls with the net described on 
page 80 were made at four stations, but they were unfortunately found 
to be too few in number to give reliable results. 

In Loch Fyne, which is a comparatively small area, the eggs are not by 
any means equally distributed through its waters. Four vertical hauls were 
therefore too few upon which to base any approximately accurate calcula- 
tion. When the work was begun the difficulty caused by the diversity in 
richness of the water at different points was not foreseen, and was not even 
expected. Owing, then, to the vertical hauls being so few in number, a 
single haul on a comparatively rich station introduces, in estimating the 
total number of eggs, a serious error which only a very largo number of 
hauls would eliminate. The distance between Stations lY. and V. is a 
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little less than four miles, but still, during every month but July, Station 
IV. was poorer to a remarkable degree than Station V. The distances 
between Stations II. and III. and between III. and IV. are eight and nine 
miles respectively. These distances are comparatively small, and one 
might have been led to expect that the strong tidal currents of Loch 
Fyne would have effectually distributed the eggs over its whole area. 
But that is not so. The question of the effect of the tidal current on the 
eggs will be discussed later. In the North Sea Hensen asserts that there 
is extremely little dispersion of the eggs ; that the eggs remain on the 
whole very near the locality where they were extruded. In this reference 
Hensen excepts areas near the shore, where there are local currents which 
may tend to cause dispersion. If the eggs were equally spread over the 
loch, the contents of the vertical net would bear a fixed ratio to the 
contents of the horizontal nets for every station ; but this is not found to 
be the case. In April, for example, the following numbers of eggs were 
obtained for each station : — Station I., horizontal, 1625 eggs (vertical, 9 
eggs) ; Station III., horizontal, 1150 (vertical, 127); Station IV., hori- 
zontal, 663 eggs (vertical, 16) ; Station II., horizontal, 3297 eggs 
(vertical, 54) ; Station V., horizontal, 2982 eggs (vertical, 52). A similar 
want of relation between the numbers for the stations during the other 
months can be seen on reference to Tables IV. to XI. This fact 
shows that even on one station the eggs are not equally distributed 
as regards number ) and as the length of the station in that 
month, April, was one qaarter-mile, it is evident that the diversity and 
variation in richness of different parts of the water are so great that no 
practicable number of vertical hauls would be sufficient to give a correct 
estimate of the numbers of ova present. A similar, though not quite so 
marked, want of relation is to be seen also in the quantities of. copepods 
taken by the horizontal and vertical nets respectively. {Vide Tables 
IV.-XI. 

In so far as Loch Fyne is concerned, then, the only method by which 
even an approximate estimate of the number of eggs may be arrived 
at is that of examination by means of horizontal towing. 

The calculated number of eggs which were floating in Loch Fyne at 
the time of each visit is given in the vertical column marked " Grand 
Total." The examination of the stations occupied one week each mouthy 
and the number of eggs stated in the above column may be taken as 
approximately representing, within necessarily wide limits, the 
number of eggs in the loch during that week. There was an in- 
terval of three weeks between the end of one trip and the beginning 
of the next. During the interval eggs were spawned and hatched, 
and it is by no means an easy matter to make an allowance for 
them in the attempt to arrive at the total number of eggs which have 
been there. One unknown factor, at least, has to be reckoned with, and 
that is. Does spawning take place regularly or intermittently ? We know 
that for the individual spawning is intermittent, but how is the majority 
of the spawning fish affected? Does the majority of the fish spawn 
simultaneously, and simultaneously leave off spawning?; oris there during, 
say, the main spawning month a somewhat similar number of ova 
extruded daily? Another point to be considered is the length of 
incubation. This is dependent on the temperature of the water. In 
Table XVI. are given the temperatures of the water at the surface, 1\ 
and 15 fathoms, at the times of the different trips. During March, April, 
May, and June the surface temperature varied from 6*5 to 14*4 deg. C. ; lor 
7^ and 15 fathoms, the extremes were 7*6 deg. and 10 deg. 85 deg. C. 
may be taken as a rough average for the period of four months. At a 
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temperature df 8 deg. C, according to Dannevig*, the plaice egg hatches 
in 14 J days, haddock in 13, cod in 13, whiting in 10, and flounder in 
5^ days. 

If spawning were known to proceed in a regular curve without 
spasmodic periods of activity, it might be comparatively easy to estimate 
the probable number of eggs that had been spawned in the intervals 
between the trips; but nevertheless I am inclined to the view that in 
doubling the numbers of each species no serious over-estimate will be 
made. Much, indeed, might be said in favour of a larger increase. So 
far, however, this is a matter of opinion and not founded on exact data. 
The totals, therefore, given at the bottom of the Table probably represent 
the minima for each species during the eight months. 

Out of a total of 30,700 millions of eggs of thirty-two species 
estimated to be present in the loch in 1898, 8,000 millions were the eggs 
of cod and haddock. These were the eggs which appeared in greatest 
profusion, although the eggs of the whiting and saithe were not far short 
of that number. It may be worth while here to give the estimated totals 
for the period. 



Estimated Number of 
Eggspreacntiii Upper 
Loch Fjne during the 
seven trips — Feb.- 
August 


Plaice. 


Cod and 
Haddoclc. 


Whiting and 
Saithe. 


Turbot. 


Maclccrel. 


Lemon Sole. 


341,800,000 


4,020,000,000 


3,281,000,000 


182,000,000 


178,000,000 


225,000,000 


Estimated Number of 
Eggs in Upper Loch 
Fyne during the First 
Eight Months of 1898 


' 483,600,000 


8,040,000,000 


6,562,000,000 


364,000,000 


356,000,000 


450,000,000 



As a basis of comparison with other areas, the number of eggs to each 
square yard of water surface is given in Table XV. Henson and Apstein 
estimate for the North Sea 92*5 eggs and fishes for each square metre. 
My observations give for the period from March to July the average 
number of eggs for each square yard of water surface at 25*8 eggs. 

Comparison between the numbers of Ova and the volum£ of Copepoda, etc., 
found on each Station. 

The meshes of the tow-nets were sufficiently smaU to retain a portion 
of the plankton — viz., the Copepoda and Zoese. All the collections were 
preserved and roughly measured in cubic centimetres. The Copepoda were 
transferred to spirit, and when they had settled at the bottom of the vessel, 
the volume was read ofi". With this method a certain quantity of spirit is 
necessarily included in the volumes obtained ; it is simply a rough and ready 
means of comparison between stations and months. In order to give an 
indication of the absolute quantity, the number of Copepods in a certain 
volume — for example, '5 or Ice. — was from time to time counted. The 
number of individuals in Ice. varied from month to month in accordance 
with the kind of Copepods present. In certain collections large Copepods— 
e.g. J Ccdanusfinmarchicus — ^alone were present; in others the vast majority 
were young forms, and in still other collections the large and small 
Copepoda were mixed in various proportions. In order to satisfactorily 
overcome this great diversity in the quality of the takes, Hensen's plankton 
method, as the most accurate one, would require to be adopted ; but the 
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estimation of the plankton was not an essential part of the investigation. 
I have therefore not attempted to estimate exactly the quantities of plank- 
ton, and have taken the rough volumetric measurement as a sufficient 
standard of comparison in the present case. 

In Tables IV.-XI. are given the volumes of Copepoda taken in 
each net, on each station. With the volume of the take there is 
given, by means of letters, some indication of the composition of the 
collection. The letters used and their significations are as follows : — 
a = large Copepoda, e.g, from about 2-2-3-5mm. in length (cf. CaJanus); 
y = small Copepoda, e.g, from -8-1 -Gmm. in length; E = pelagic 
Crustacean eggs,* apparently belonging to a Copepod. This egg measures 
'35mm. in diameter. There is a large perivitelline space, and the zona 
has a diameter of '65mm. It was obtained in all stages from that of 
early segmentation to the formation of the nauplivs. The letters l,q, 
mean large quantity ; Z means Zoese, and M, Hydromedusee j C stands for 
Copepoda. 

When the letters are used without numbers each signifies, if used alonCy 
that the take consists wholly of the one form which the letter stands for ; 
when accompanied by other letters the presence of individuals of that form 
is noted. In order to show the proportions in which the Copepoda, Zoeae, 
Medusae, etc., are present, figures a^e joined with the letters, and signify 
that so many parts of the collection consist of one or the other group. 
Thus 2 y., 1 a., 3 Z., 5 E., M, serve to record that the tow-net collection 
consists of 2 parts of small Copepods, 1 part large Copepods, 3 parts 
Zoese, 5 parts pelagic Crustacean eggs ; M indicates the presence of 
Hydromedusee, 

The following particulars refer to the relation between the volume and 
the number of Copepods in different months and on different stations. 
They may serve as a basis for comparison with other localities. 



January. 


Stotion I., 


Vertical Net, 


Volume 6'5cc. 


=1531 Copepods. 


February. 




III., 




}» 


)) 


l-5cc. 


=360 „ 19Zoeffi. 


jj 




IV., 








5 -Sec. 


=1828 


March. 




I., 




»» 


>» 


2cc. 


=276 „ 9 Zoeae; 
59 Crustacean eggs. 


>» 




II., 




»> 


i> 


Ice. 


=95 Copepods; 60 Zo^se; 
180 Crustacean egge. 


»> 




>> 


6-fm. 


Net, 


»» 


•5cc, 


.=334 Copepods (y.); 198 












Zoeae; 


521 Crustacean effffs and Nauvlii. 


April. 




I., 


l-fm. 


Net, Volume 6-5cc. (4 


y.. 1 a.)=3,500 Copepeda. 


May. 




I., 


, Vertical Net, 


, 1,000 


Copepods (2 y., 1 a.)=2-5cc. 


)) 




II., 






1,000 


»» 


(ly.,2a.)«3cc. 


»» 




III., 






1,000 


>i 


(a.)=5cc. 


»» 




IV., 






500 


)) 


(a.)=2-5cc. 


»> 




v.. 






500 


>» 


(mainly a.)=3cc. 


June. 




I„ 






500 


}) 


(a.)=3-5cc. 


>> 




II., 






500 


1) 


(a.)=3cc. 


>> 




in.. 






500 


ii 


(ly.,la.)=2cc. 


i> 




IV., 






500 


it 


(a.)=4cc. 


>» 




v.. 






500 


„ andZoeffi, (1 y., 2 a., 3Z.) 
















=2cc. 


July. 




in.. 


15-fm. Net, 


500 


>> 


(ly., la.,2Z.) 
















=l-5cc. 


)) 




IV., 


Vertical Net, 


493 


»» 


(average size, 2* 1mm.) and 
















7Zoe8e=l-75cc. 


»i 




v.. 




>> 


485 


>» 


(average size, 2'lmm.) and 
15Zoe«=l-5cc. 



Nydiphanes norvegica and Euchoeta norvegica, though usually confined 
to great depths, have been found by Murray t at the surface at certain 

• Found also in St. Andrew's Bay. Vide M'Intosh, Tenth Annual Repwt Fishery 
Boanfjor Scotland, Part III., p. 301. 

t Murray— "The Effects of Winds on the Distribution of Temperature in Sea and 
Freah-Water Lochs of the West of Scotland." Scottish Geographical Magazine, July 1888. 
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states of the tide and during strong winds. At Station II. in February 
one specimen of Nyctiphanes and sixteen examples of Euchceia were 
taken in the surface net, and five EiLchceta in the vertical net ; on Station 
IV. in the same month the vertical net furnished one Nyctiphaiies, In 
March on Station II. one Nyciiphanes was found in the surface net, and 
three examples in the one-fathom net. A nunjber of young Nydiphanes 
were taken at the surface on Station II. in July, and in the vertical net 
on Station I. one Enchceta was obtained. lu February at Stations II. 
and IV. when the examinations were made the tide was at half-ebb, and 
the wind was N.W., force 3, and S.W., force 4, respectively. In March 
at Station IL the tide was again at half-ebb, and the wind, which was 
W., was of force 5. At Station IL in July the wind was westerly and 
light; the tide, 1 hour flood. 

A chart has been prepared giving the curves formed by the volumes of 
Copepods, etc., taken in the horizontal nets during the period of eight 
months (Plate IV., B). A separate curve has been made for each station. 
The vertical axis is divided into centimetres, each of which represents a 
volume of lOOcc. of Copepoda, etc. The curves are distinguished from 
one another by the different colour and character of their lines; in 
addition, the curve is labelled throughout with the number of the station 
to which it refers. In C (ib.) is given the curve for the total volume of 
Copepoda obtained each month. It is fairly regular, though rising 
abruptly in April. In January, February, and March the Copepoda 
remained fairly constant in quantity. During March, as will be seen from 
reference to Table VI., there were large quantities of pelagic Crustacean 
— probably Copepod — eggs in the waters of Loch Fyne, but they were 
confined mainly to Stations I., IL, and IV. In the following month the 
numbers of Copepoda increased enormously, and from reference to Chart 
B it will be seen that the increase took place mainly on Stations III. and 
IV., although all of the stations show very great increments. The 
increase is due to reproduction — which in the group of Copepoda appears 
to be extremely rapid — and the collections are almost entirely composed 
of young Copepods of all stages ; so far as can be roughly judged, the 
form most abundant is Calanics finmarehichus, Calderwood * referred to 
the '^ appearance of Copepods in greater and greater numbers until, when 
the herring fishing is at its height, the Copepods are in vast abundance. 
At this season the prevailing species is Calanus finmarchicus, which 
occurs in sufficient numbers in certain places to colour the surface of the 
water. It is the species which serves as the principal food of the Loch 
Fyne herring during the summer." Murray t also records the occurrence 
of vast numbers of crustacean, fish, and other eggs coincident with the 
appearance of immense floating banks of diatoms between the end of 
January and the first of May. In April the temperature of the water at 
Stations IIL and IV. was higher than at Station I., and that may to some 
extent account for the fact that the Copepoda at the former stations 
reproduced their species so much more rapidly than at Station I. In 
May, while the total volume of Copepoda remained the same as in April, 
great change had taken place at the diflerent stations. The quantities on 
Stations L, II. , and V. had steadily risen, while Station III. showed 
a fair decrease, and Station IV. a decrease almost as rapid and extensive 
as its former rise. The depletion of Station IV. may be in part due to 
drift, but if that were so, the same drift which robbed Station IV. ought 
to re-supply it from Station V. In May, then, the main mass of the 
Copeopoda was further down the loch than in the previous month. 

* Calderwood— " Notes on the Copepods of Loch Fyne," Fourth Annual Report of the 
FUhny Board for Scotland j p. 147. 
iOp. cit. 
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Whether this is to be ascribed to a drifting of the mass of Copepoda from 
one locality to another, or whether it is that the Copepoda in different 
localities reproduce in succession and not simultaneously, or whether it is 
owing to their having sunk to a lower level than 15 fathoms, is not easily 
settled. In June, on Station I., the rapid increase seen during the 
previous month was maintained, and the well-known condition of the water 
of Lower Loch Fyne, as regards Copepoda, is attained. Brook,* in 
noticing this fact, said — " Whether the myriads of Calani are bred in 
Loch Fyne [Lower Loch Fyne is here referred to] or enter it in the 
spring I have not determined. It is, however, a signiRcant fact that 
the herring enter Loch Fyne as the Crustacean becomes abundant, and 
begin to leave it again as the stock gets exhausted. In July the number 
of Calani decreases rapidly, and in September was reduced to that found 
in the beginning of the year." The statements contained ill' the preced- 
ing sentence are correct so far as they are used with reference to the 
surface water ; but proof is wanting that they are true so far as the deep 
waters are concerned. The herring does not usually enter Loch Fyne 
until May. They are then to be found in Upper Loch Fyne, but 
statistics are wanting at present which would serve to connect the move- 
ments of the herring absolutely with the appearance of Copepods in 
abundance. That the presence of the Copepoda is what attracts the 
herring to Loch Fyne is probable. It might therefore be possible to in 
some way announce the probable arrival, or perhaps to locate shoals of 
herring by data afforded by an examination of the pelagic life of the 
water. This has been done for the Baltic by the Norwegian observer 
Hjort.t During the first month of the herring fishing in Loch Fyne 
success is very slight indeed. Comparatively few herrings are in the 
loch, and their capture is a mere lottery. An amplification of this plankton 
work in Loch Fyne and other districts might afford important 
results. Data of importance would be obtained, and these might in some 
measure help to reduce the element of chance which governs the 
herring fishing. 

In June all the stations except I. showed great diminution in the 
number of Copepods, but in the following month the numbers increased at 
the head of the loch (IV. and V.), and in the remaining three stations no 
more Copepoda were obtained than in March. The diminution on 
Station I. was excessively rapid. In August all the stations became still 
poorer, and reached a stage in Which Copepoda were practically altogether 
absent from the surface down to 1 5 fathoms. Where the Copepoda went 
to is a question of some importance. That they were drifted out of the 
loch is not by any means probable. The reasonable explanation is that 
they sink to lower depths. In August tow-nets were used on the 
" Garland " at various depths down to 80 fathoms, and at 40 fathoms 
Copepods were found to be abundant. There are in the present 
research no data referring to greater depths than 15 fathoms, and so it is 
not possible to say whether or not the same wealth of Copepoda did or 
did not exist at the greater depths contemporaneously with the abundance 
in the 15-fathom stratum. The question as to the depths at which 
Copepoda and pelagic ova float will be treated later. 

On reference to the curves formed by the number of eggs, A and C, 
Plate IV., we see that, as in the case of the Copepoda, there is a sudden 
rise in April, but whereas in the case of the latter. Stations III. and IV. 
were most concerned, Stations II. and V. were responsible for the increase 
in eggs. Station IV. showed a very sudden decrease in Copepods in 

• Fourth Annvaf Reuurl FifJiery Board for Srntluu/f, p. 47. 

t Hydrograpbic Biological Studies of the Norwegian Fisheries. Christiatiia, 1896. 
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May, and Station II. showed a corresponding diminution in the quantity 
of .eggs. The remaining two stations decreased slightly, III. as regards 
Copepods and V. as regards eggs. The ova increased in June on Stations 
III. and v., but remained at the other stations fairly constant in 
number. July witnessed a large fall in the total, though two of the 
stations — viz., I. and IV. — showed a slight upward tendency. In 
August the eggs practically vanished, as did the Copepoda. 

The curve formed by the Copepoda is a regular though very steep one. 
The curve for the eggs shows two peaks, indicating, what has been 
already noticed, a reduction in spawning during May. 

On tlie Levels at which Pelagic Eggs and Copepoda Float. 

The question as to what conditions affect the vertical distribution of 
pelagic eggs and Copepeda is an interesting one. That pelagic ova are not 
absolutely confined to any one depth is well known, since tow-nets 
attached to a bottom trawl when in shallow water usually bring up some 
eggs. While it is of course possible that in all cases some eggs may be 
taken from the surface by such open nets while descending and ascending, 
the total number of eggs captured cannot be always accounted for in this 
way. M*Intosh,* referring to the pelagic eggs obtained by the Garland 
in St. Andrews Bay in 1891 and 1892, says : — " Generally speaking, the 
bottom trawl-like tow-nets, or other tow-nets used on the bottom, gave the 
largest number of ova, and besides, they were most productive of fishes, 
and these at a more advanced stage." The depth on the stations in St. 
Andrews Bay varies from 6 to 12 fathoms. In the Firth of Forth at 
Stations V. and II., where there are depths of 25 and 13 fathoms 
respectively, a considerable number of eggs were obtained in the bottom 
net. At Station V., Firth of Forth, a tow-net at 12 fathoms produced 
about 100 eggs, and a net towed 6 to 10 fathoms under the surface on 
Cross-section II. is credited with about 1500 eggs. One- fathom tow-nets 
on Cross-Section I. contained large collections of eggs. On the majority 
of the stations of the " Garland," the depth on which exceeds 20 fathoms, 
eggs were conspicuous by their absence in the net attached to the trawl. 
Other collections of eggs described in the reports by Masterman,t 
Williamson,! Wallace,§ Kyle,|i lend additional evidence in support of this 
statement.^ In the report by Kyle there are collections made in Loch 
Fyne at various depths up to 6| fathoms. At the latter depth consider- 
able numbers of eggs were obtained at the head of the loch, and above 
Otter Spit ; but the net at 1 fathom produced a greater number than 
either the 6-fathom or 2^fathom net. The collections made at the latter 
depth were smaller than those made at 6 fathoms. 

The buoyancy of a pelagic egg is, as Fulton** has proved, due to the 
*' entrance into the ovum of a large quantity of watery fluid of low specific 
gravity." The same author found " a considerable variability in the 
specific gravity of the eggs of the same species and of the same female." 
A batch of fertilised eggs of the plaice in the multicelled stage had a 
specific gravity ranging from 1024-1026. Cunninghamtt found that for 

♦ Tenth Report of (he Fusfury Board, Part III,, p. 301. 
i EleverUh Report „ „ p. 250. 

t Thirteenth Report „ „ p. 258. 

% Fourteenth RepoH „ „ p. 223. 

II Fifteenth Report „ „ p. 246. 

il Vide also Scott, Sixteenth Report of the Fisliery Board. 

** '* On the Growth and Maturation of the Ovarian Eggs of Telostean Fishes," Six- 
teenth Report of the Ft*h^rtf Board, p. 88. 

tt Journal Mar. Biol Assoc., i., 1889, p. 25. 
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the mackerel different individual ova vary in specific gravity within narrow 
limits. Hen«en and Apstein (op cit) say — "Since the specific gravity of the 
eggs seems to adjust itself to the density of the water, what governs their 
vertical distribution has yet to be demonstrated. Out of 446 eggs, 104 
were floating at a depth of 5 metres [2 J fathoms] ; of 148 eggs, 28 
were found at the same depth, 43 at 20 metres [10 fathoms], and the 
others — viz., 77 — at still greater depths." In this connection HoltJ 
remarks — "I have no hesitation in saying that the buoyancy of an egg in 
ordinary offshore water is subject to fluctuations which are explicable 
neither by species, degree of development, nor obvious physical and 
meteorological causes." It is not surprising that, in a property requiring 
so exact an adjustment as the specific gravity of the egg, considerable 
variations should occur. It is well known that considerable varia- 
tion occurs in the size of the egg ; a certain amount of variation in 
specific gravity must almost necessarily also be present. This fact then 
offers a sufi^cient explanation of the fact that the eggs do not all float at 
one depth. It is very improbable that the specific gravity of an egg will, 
on its extrusion, change through its contact with sea water. Whether 
during the development of the embryo a change in specific gravity occurs 
in consequence of physiological processes may be in the meantime disre- 
garded. The eggs will rise to levels where the specific gravity of the 
water is equal to their own, and while the main mass of the eggs will be 
found floating within certain limits of depth, a considerable number will 
liave remained scattered at various greater depths ; and even if the main 
mass does not lie very close to the surface, certain examples will have 
made their way there. This is borne out by the study of the distribution 
of eggs in Loch Fyne. Cf, also Meek — Report on the Trawling Excur- 
sions of Northumberland Sea-Fisheries Committee, 1897. 

The ova in the surface stratum of water 15 fathoms deep in Loch Fyne 
were found distributed at various depths, but the majority were obtained 
between the surface and 6 fathoms. On certain occasions no eggs were 
taken at a greater depth than 6 fathoms ; and as a rule the mass of eggs 
was found to float closer to the surface than 4 fathoms. I have prepared 
a Table showing diagrammatically the numbers of ova taken in the nets 
at diff'erent depths on each station {vide Plate V.). The unshaded 
figures refer to pelagic eggs. The breadth of the figure at each depth is 
proportional to the number of eggs taken at that level. The depth is 
shown along the vertical margin. Thus at the depth where the figure is 
broadest the majority of the eggs was taken. The varying breadth indi- 
cates the unequal dispersion of the ova. The figures are not all made on 
one standard. In the space at disposal that would have been impossible. 
Some of the collections contain very few eggs, and in order to have a 
figure consisting of something more than one line, a larger unit was required 
than for the large collections. They, however, show at what depth the 
main mass of eggs was floating, and what proportion that mass bore to the 
rest. In certain cases the figure indicates that the majority of eggs was 
within two feet of the surface (0 fathoms in Plate), and as the depth 
increased tlie number of eggs gradually and regularly decreased in numbers, 
thus giving a regularly tapered outline to the figure. {See Station I., 
April, May, and July ; Station II., March and July ; and Station III., 
March.) Others show that the main mass floated a little below the 
surface — e,g,^ 1 fathom ; and from that level downwards the figures taper 
gradually. {See Station II., April; Station III., June; Station IV., 
June.) Again the majority may be found at 4 fathoms — c.^.. Station I., 
March ; Station IV., April and May ; Station V., April. There is no 

XJour. Mar. Biol. Assoi:, vol. v., No. 1. 
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indication in any of the figures of the main mass of eggs being as deep 
down as 6 fathoms (except in Station II., May, and the superiority of 
this net over the others is a slight one), but there are several cases in 
which proportionally a considerable number of eggs were obtained at that 
level (Station lY., March, April, and May; and Station V., July). 
Another fact displayed by the figures is, instead of the eggs appearing 
mainly at one level and diminishing regularly in number as they recede 
from it, two diJQTerent levels may be found well supplied with eggs, while 
between them a much less rich region is found. This is shown at Station 
I. in March and Station III. in June, where the intervening levels — viz., 
1 and 2 fathoms — are respectively poorer than the levels immediately 
above and below. Again, intervening regions may be almoat destitute of 
eggs— e.^., at 4 fathoms in Station 11 L, February ; 2 fathoms, Station V., 
July and August. In short, so great is the diversity that it is very 
difficult to reduce the facts to any fixed rule. One point is noticeable, 
and that is how generally a large proportion of the eggs were found within 
two feet of the surface. At Station V. in April, July, and August, when 
the surface water was of low salinity — e.g., 1 52, 1 -319, and 1 '7 39 — no eggs 
were obtained in the surface Let. They were, however, found at 1 fathom. 
This shows that the low salinity did not extend much below the surface. 
On Station IV. in April, and Station V. in June, eggs were obtained 
within two feet of the surface, but they were few in number. The 
salinities in these localities were, in the months referred to, 2*31 and 
2*75. The fact of the presence of the eggs within two feet of the surface 
shows that the water of low salinity was confined to within less than two 
feet of the surface. 

In Tables IV.-XI. is given the volume of Gopepoda taken in each net, 
and from these data shaded figures have been drawn on a plan similar to 
that adopted for the eggs. The breadth of the figure at any depth is 
proportional to tlie volume of Copepods taken at that level. A glance at 
the shaded figures shows a point in which they difier very much from the 
figures of the q^% collections — viz., in the acuteness of their apices. While 
it was common to find a large proportion of eggs at the surface, the rule 
in April, May, June^ July, and August was that a very minute proportion 
of Gopepoda was to be found within two feet of the surface. In February 
and March this was found to be the case on certain stations ; on most of 
the stations in January, however, and certain stations in February and 
March, a considerable proportion of the total amount of Gopepoda was 
found floating close to the surface. 

Station V. is a notable exception for January. On reference to the 
Salinity Table (XVI), p. 130, the absence of Gopepoda from the surface 
would appear to be due to lower specific gravity of the surface water. 
This is the case with regard to certain stations — viz., Station V. in January, 
and Station IV. in April, May, June, July, and August. At the latter 
station in May, June, and July, although the surface water was of less 
than normal salinity — viz., 2*8, 2*49, and 2*72 per cent, of total salts — 
the respective specific gravities being 24*6, 21*8, and 23*2 — large numbers 
of ova were floating close up to the surface. This indicate a point of 
great diflerence in the behaviour of eggs and Gopepods — namely, that 
pelagic eggs may be found in considerable numbers close to the surface 
at a time when the surface water is of a comparatively low salinity, while 
Gopepoda are withdrawn to lower depths. A condition of lower salinity 
does not, however, explain the absence of Gopepoda from the surface on 
all occasions. Whether this may be due to the fact that the work was 
carried on in daylight only, is possible. It is well known, from the results 
of the " Ghallenger " and other Expeditions, that the pelagic fauna sinks in 
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daylight and comes to the surface at night. But as all the experiments 
were carried out in Loch Fyne during the day, such a reason would not 
agree with the fact that a considerable proportion of the Copepoda 
was found at the surface on several stations in January, February, and 
March, and at Station III. in April, and at Station II. in July. Varia- 
tions similar to those seen in the figures for the Qgg collections are to be 
seen in those of the Copepods. In many cases the figures take a spindle 
shape, tapering upwards and down from the level where the majority is 
floating, which at Station L, May, and Station IV., Juno, is at six 
fathoms. We have also barren intermediate regions represented, viz., at 
six fathoms on Station II., March, and at ten fathoms Station V., July. 
On the whole, however, the Copepod figures are more regularly spindle- 
shaped than the egg figures. The amount of vertical dispersion is 
greatest in January, Februaiy, and March, and in July and August, 
while during April, May, and June the Copepoda in the 15-fathom 
stratum are on most of the stations concentrated at a depth of four to six 
fathoms. This concentration coincides with an increase in the salinity of 
the water. In August the Copepods had almost entirely disappeared from 
the 15-fathom stratum at Stations I. and II. On Station I. the seven 
horizontal nets produced 39 Copepods ; at Station II. 41 Copepods were 
taken at 15 fathoms ; and 8 Copepods in the remaining six nets. A few 
Copepods were found at Station III. from four fathoms down, and on 
Station IV. four individuals were captured at the surface. At fifteen 
fathoms they were fairly numerous. Station V. furnished the largest 
number of Copepods, but they were in small quantity. The figure which 
is introduced into the Table for that station is greatly exaggerated in 
order to bring out the relations of the quantities at different depths. On 
the whole, the centre of suspension for Copepoda is lower than that of the 
eggs. The close association of pelagic eggs with Copepods results in their 
being eaten by the herring. Brook found pelagic eggs in the stomach of 
that fish. 

Note. — In the preparation of the figures in Plate V. an allowance is 
made for the fact that the nets, in sinking to the depth at which they are 
intended to fish, capture a certain number of eggs and Copepods. They 
fish also while being hauled to the surface. The nets the takes of which 
would be most affected by this fact are the 10 and 15 fathoms nets, and 
since the area of the mouth of one of the horizontal nets is very nearly 
equal to half the area of the vertical net, the collection taken in the 
vertical net on the station is regarded as approximately equal to what the 
horizontal net captures in its downward and upward journeys. This 
quantity is therefore subtracted from the takes of the 10 and 15 fathoms 
nets on each station. 

On the Drift of the Eggs. 

Fulton's ♦ investigations in connection with the currents of the North 
Sea,* while resulting in the determination of the direction and rates of the 
surface currents, have so far not resulted in proving the depth of these 
currents. In Loch Fyne, according to Mill, t " the tidal current is not 
"merely superficial. That the tide sweeps across at Otter to its full 
** depth is proved from salinity observations. . . . The current of ebb 
" tide evidently affects the water to a considerable depth, at any rate in 
" the Gortans basin. . . . An average velocity of 1 knot for the 
"surface current appears from the Admiralty charts to be the maximum 
" estimate of the surface tidal currents in Loch Fyne. At that rate, since 

♦ "On the Currents of the North Sea," Fifteenth Anv^af Report Fi.<t/tcn/ Board fof 
Srot/aiiff, Part III., p. 270. 
t Clyde Area (op. cit. ). 
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" the ebb stream lasts about one hour longer than the flood, a given 
" particle of water on the surface would be carried one mile down the 
^* loch by each tide, supposing the weather calm." He states that *' the 
" tidal current, according to the Admiralty publications, enters Loch Fyne 
" at Otter at the rate of 3^ knots, passes through the Gortans Basin at 
" 2 knots, increasing to 2 J at Minard Narrows, but then slackening until, 
" off Duiiderawe, near the head of the loch, it is reduced to 1 knot." 
In 1896 (8th September) the result of observations made by Mill * on the 
tidal current at Otter gave a rate of about |-knot an hour for the last half 
of the flood, and about 1 knot an hour for the ebb. *^ A great 
"accession of fresh water on the surface must necessarily, by raising 
" the level, accelerate the ebb tide. ... On the other hand, after a 
**long dry spell, the tendency of evaporation would be to lower the 
" general level, and so accelerate the flood tide." 

In the absence of sufficient data bearing upon the tidal currents over 
the whole loch, it is not possible to effectively discuss the effects which 
these currents have on the distribution of the pelagic eggs. It is 
very clear, however, that, from the rate of the current in the Gortans 
basin and at Otter, a large proportion of the eggs floating at Station II. 
will probably be carried out into Lower Loch Fyne with each ebb. From 
Station III. those eggs at least which were close to the surface would be 
subject to drift, and should in a few days arrive at Otter. From Stations 
IV. and v., however, taking the drift down the loch at the average of 
1 knot per day, the eggs would be hatched long ere they reached the 
Gortans basin. The surface eggs would be all subject to the drift, but 
how far any eggs floating at some depth below the surface would be 
affected only further investigations can determine. It is at least evident 
that those eggs which vary by having a specific gravity a little less than 
the average will be first acted on by surface currents, and so the variation 
in speciflc gravity in the eggs of a species has an important bearing upon 
their distribution. It may at least be confidently stated that a large 
number of eggs spawned in Upper Loch Fyne go to enrich the waters of 
the lower loch. It must, however, be borne in mind that the spawning 
of the fishes in Loch Fyne has been inferred only from the presence of 
their floating eggs there, and not from an examination of the fishes them- 
selves. From the fact that large numbers of eggs in the later stages of 
development were found on Station II., it might be inferred that they had 
drifted there from regions further up or further down the loch. Murray 
has shown that the winds are important factors in the formation of 
currents.t He has shown for Loch Fyne that a strong southerly wind will 
heap up the surface waters at the head of the locb, while the place of the 
water transported from regions further down the loch is partly supplied 
by the upwelling of water from below. Strong southerly winds, as well 
as flood tide, may carry into Loch Fyne the ova which are floating 
outside, and so two causes might be cited for the occurrence of large 
numbers of advanced ejjgs at Station II. — viz., (1) a drift down the loch 
through currents due to northerly winds and the ebb tide, and (2) trans- 
port of eggs from the lower loch into the upper loch by currents induced 
by southerly winds and the flood tide, i 

The Copepoda will also be subject to the various currents, but, from the 
fact that they on the average float at greater depths than the eggs, their 
drift must be slower. It is not, therefore, probable that the 
presence of vast numbers of young Copepods on the lower stations, subse- 
quent to their appearance at the head of the loch, is in any important 
respect due to drift. 

• Fiftfrnth Annual Remrt of the Fish^n/ Bimrd, Part III., p. 270. 

t Murray. " Tho Effects of Winds on the Distribution of Temperature in Sea- and 
Freah- Water Lochs of the West Coast of Scotland. " The ikottis/i OeonraphiccU Magnzh^^ 
July 1888. 

X Vide in this connection Petersen, ** Pelagic Life of Faeno Sound." Copenhagen, 1893. 
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On the Larval and Post-Larval Fishes obtained 
IN Loch Fyne. 

A detailed list of the young fishes which were taken in the tow-nets 
with the pelagic ova and other forms is given below. The identification 
of the specimens was not rendered easier by the fact that they were 
preserved along with the Copepoda, etc. I had not the opportunity of 
separating them at the time from the rest of the tow-net collection, and 
in many cases it was almost impossible to identify even the genus of the 
fish. Preservation in formalin was found to answer very well, so far as 
the retention of black pigment is concerned ; other pigments disappeared. 

The labour of identification was very materially lightened for me by 
the kind assistance rendered by Professor M*Intosh, who, in addition to 
naming a number of the specimens, also placed his collection of young 
fishes at my disposal for the purpose of comparison. In a number of 
cases the genus to which the form belongs is alone given. 

The species represented are the following : — Cod (Gadus ccUlarias), 
Coitus bubalisy Cottus (sp.), Cyclopterus lumpus. Dab (Pleuronectes 
Itmanda), Flounder {PI flesus), Oobius minuius, Gobim (II.), Gunnel 
{Centrorwtics gunnelliLs), Lepadogasfer Inmaculatus^ Liparis montagui, 
Long Rough Dab (Drepanopsetta platessoides), Mackerel (Scoviber 
scornbnis)^ Onos (sp.) {MoteUa\ Pipe-fish (Syngnathus^ sp.), Plaice (Ph 
plate8sa)y Saithe (Gadus virens). 

Species B. — The forms included under this designation are mainly 
mackerel, but since, in the case of the very small examples, some 
confusion may arise between that fish and the species of Cotttts and 
Trachinus, they have been placed under a general term. 



Station II. , 20th January, 
Station II., 17th February 

„ m., 18th 

„ v., 19th 
Station II., 16th March, 



Station HI., 17th March, 

Station V., 19th March, 
Station I., 11th April, 

Station II., 14th April, 



Surface ; 2 Cyclopterus lumpus, 2 and 4 cm. 
15-fm. Net ; gunnel, lOmm. 

1-fm. Net ; gadoid, 7mm. 
Surface, Cyclopterus lumpitft^ 23mm. 
Surface, larval Ono^ (sp. ). 
1-fm. Net; gunnel, 9mm. 
2-fm. Net ; Eirval Pleuronectid (Dab ?), 2mm. 
4-fm. Net ; gunnel, 8mm. ; 2 Cottua (sp. ), 3 '5mm. ; 

3 Ono8 (ap. ), 3min. 
6-f m. Net ; Pleuronectid, 2mm. ; Onos (sp. ), 3mm. 
lO-fm. Net; 8 Oncw (sp. ), 3 'Smm. ; Pleuronectid, 

2mm.; Cotius (sp.), 5mm. 
15-fm. Net ; Onoa (sp.), 3mm. 
Surface ; gunnel, 7'5mm. 
1-fm. Net ; 2 gunnels, 9 and lOmm. 
lO-fm. Net ; 2 gunnels, l(hnm. 
Vertical Net ; uirval cod, 3 '5mm. 
4-fm. Net ; gunnel, 12mm. 
6-fm. Net ; Ztohiua mtmUtis, 3mm. 
15-fm. Net ; 2 gunnels, 18mm. 
Surface ; larval plaice, 4mm. 
6-fm. Net ; larval cod, 3 '5mm.; Cottus (sp.), 9mm. 
lO-fm. Net; „ 3mm.; gunnel, 14'5mm. ; 

larval Gbius minutwt. 
Surface ; 3 larval Pleuronectids, 2'5mm. 
1-fm. Net; larval cod, 3mm.; gadoid, 3mm.; 
pleuronectid, 2mm.; 4 larval long rough 
dab, 4mm. 
2-fm. Net; Oobius minutuSy 7 •5mm.; gadoid larva. 
4-fm. Net ; cod, 4mm.; 2 pleuronectids, 2 '5 and 
3mm.; 2 gunnels, 11 and 13mm.; Oobitts 
mintUuSy 5mm. 
6-fm. Net ; 2 cod, 6mm. ; cod, 3mm. ; flounder, 
3mm.; 6 pleuronectids, 2 '5mm.; 6 Oobitts 
mintUus ; Species B, 5 '5mm. 
lO-fm. Net ; 6 ccd, 3'5mm.; saithe, 3'5mm.; long 
rough dab, 5mm. ; Lepadogasttr himacxUatus^ 
3rom.; 11 Oobius minutusy 3'5-5mm. 
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Station II. — contd. 



Station III., 19th April, 



Station IV., 18th April, 



Station V., 16th April, 



Station I., 9th May, 
Station II., 11th May, 

Station III., 12th May, 



Station IV., 13th May, 



15-fm. Net; cod, 5*25mm.; gadoid (saithe?), 
5mm.; 2 pleuronectids, 3'5mm.; 2 Onos (sp.), 
4mm.; 8 Oobius minutuSf 2'5-4'5mm.; 
Species B, 4mm. 

Vortical Net ; plaice, 5'5iiim. ; gunnel, U'Srom. ; 
Oobius miniUuSy 3*5 and 4 '5mm. 

Surface ; Cottus^ 3 '5mm. 

1-fm- Net; 3 plaice, 8-llmm.; Lepadogaster 

bimaculcUua, 10*5mm.; 2 gunnels, 17 and 

20mm.; Oobius miniUuSf 7mm.; Species B, 

4mm. 

2-fm. Net; Oobius minutuSy 5mm.; 11 Species 

B, 4-7mm. 
4-fm. Net; 7 cod, 3 •5mm.; 2 Cottus bubalis^ 10 
and 13 '5mm.; 4 Oobius minvius, 4-6mm.; 

2 Species B, 5mm. 

6.fm. Net; 3 cod, 3mm.; 2 long rough dab, 
4'omm. ; 4 Oobius minutus, 5-6mm. ; 4 Species 
B, 4'5-8-5mm. 
10-fm. Net; cod, 4mm.; gadoid, 3 '5mm.; 8 
Oobius mimUus, ^-6 •5mm.; gunnel, 12mm.; 
8 Species B, 4-5mm. 
15-fm. Net; 3 cod, 3 and 3 •5mm.; 2 Oobitu 

minutuSf 3^5 and 6mm. ; Species B., 8mm. 
Vertical Net; cod, 3mm.; 2 Species B, 3*5 and 

4 '5mm. 
2-fm. Net ; Species B, 3'5mm. 
10-fm. Net; cod, 4 •5mm.; 2 Oobius minutus, 

4mm. 
15-fm. Net ; cod, 3 '5mm.; gunnel, 16mm. 
Surface ; Oobius minuttUy 3 '5 mm. 
2-fm. Net ; Cottus (sp. ), 8mm. 
4-fm. Net; 6 Cottu* (sp.), 5-1 1mm. ; Species B, 

5mm. 
6-fm. Net ; Oobius minutus, 4mm. 
10-fm. Net; 3 Cottus (sp.), 6 •5-7 •5mm. ; gunnel, 

15mm. ; Oobius minutus, 6mm. 
15-fm Net ; cod, 4mm. ; 3 Cottus (sp.), 6-7 mm. ; 

3 eunnels, 14-21 mm. 
Vertical Net; Cottus (sp.), 5mm. 

15-fm. Net; Cotttis (sp.), 4mm. ; Oobius minutuSy 

5 '5mm. 
' 4-fm. Net; Cottus (sp.), 5 •5mm. ; Oobius minuiusy 

6^5mm. 
15-fm. Net ; Species B, 3 •5mm. 
Vertical Net ; Oobius minutu^y 3 •5mm. 
1-fm. Net; Oobius minutus, 6 '5mm. ; 17 Species 

B, 3 '5-6 '5mm. 
2-fm. Net ; 24 Species B, 4-6 •5mm. 
4-fm. Net ; plaice, 8mm. ; 10 Oobius minuins, 

3-7 ^mm. ; 68 Species B, 3'5-6'5mm. 
6-fm. Net; plaice, 10^5mm. ; 2 Cottus (sp.), 4 and 
5mm. ; 9 Ooibius minuius, 3^5-9mm. ; Oobius 
(sp.), 6mm. ; 68 Species B, 3^5-9mm. 
10-fm. Net ; gadoid, 8mm. ; 12 Oobius mimUus ; 
long rough dab, 10 ■5mm. ; 25 Species B, 
3'5-6'5mm. 
15-fm. Net; 9 cod, 3'5-4mm. ; gunnel, 18'5mm. ; 
5 Oobius minutuSy 3'5-6mm. ; Montagu's 
sucker, 8mm. ; 22 Species B, 3-7mm. 
Vertical Net ; 2 cod, 3 '5mm ; Cottus {bubalis ?), 
8ram. ; 4 Oobius minutus; 7 Species B, 3-5mm. 
1-fm. Net ; Oobuts minutuSy 3mm. 
4-fm. Net ; Oobius minutus, 4'5mm. ; Species B, 

3mm. 
6-fm. Net ; 5 cod, 3mm. ; 2 Oobius minuius, 3mm. 
10-fm. Net ; cod, 3mm. ; gunnel, 18 '5mm. ; 

Species B, 3mm. 
J5-fn?. Net ; cod, 3mm, 
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SUtion v., Utli May, 



Station I., 6th June, 
Station 11. , 8th June, 



Station III., 9th June, 



Station IV. , lOth June, 



Station- v., 10th June, 



l-fm. Net; 2 cod, 3mm. ; Lepadogaster hiniacu- 

fafuMj ij'omni. ; 3 Golnus mimitns^ 3-6mm. ; 

Species B, 5mm. 
2-fm. Net ; 3 Lepadogasier hiinandaUiJi^ 4*5- 

7'5mm. ; Coitus (sp.), 4'5mm. ; 7 Gobiits 

mimittuiy 3 '5-4 •5mm. ; 3 Species B, 4mm. 
4-fm. Net; 10 cod, 3-5-5-5mm. ; 11 Cotlus (sp.), 

5 -8mm. ; 12 Gobius minutusy 3-6"5mm. ; 

13 Species B, 3'5-6'5mm. ; sucker, 3mm. ; 

10 GMiis (II.), 5 and 8mm.; 2 pleuronectids, 

2 •5mm. 
6-fm. Net ; 16 cod, 3*5-7*5ram. ; 6 gadoids, 4- 

6-5mm.; 20 Cottua (sp.), 5-9mm.; 16 Species 

B, 4"5-6'5mm. ; 11 GMus minutns^ 5mm. ; 

4 Gohi\i8 {II.), 5-9mm. 
10-fm. Net; 8 cod, 3-5 -7mm. ; Cottua bubcUid, 

8mm. ; 9 Gobiun minutus, 4-7mm. ; 2 

Species B, 3 and 4mm. ; 2 Gohiua (II.), 4 and 

9mm. 
16-fra. Net ; 7 Oobiiis minutuSy 3-5mm. ; Species 

B, 4*5mm.; Gofnus (II.), 9"5mm. 
4.fm. Net ; 2 Species B, 4 and 1 1 '5mm. 
6-fm. Net ; gadoid ; Coitus (sp.), 4mm. 
Surface ; Species B, 3mm. 
l-fm. Net ; 2 Gobius mimUuMy 2*5 and 3mm. ; 

2 Species B, 3mm. 
2-fm. Net ; 2 Gobius mmittusy 3*5mm. ; Species B, 

3mm. 
4-fm. Net ; 5 Species B, 3-25-8mm. 
6-fm. Net ; 5 Species B, 3*5-5mm. 
10-fm. Net; 3 Gobius minuiusy 5mm.; 2 youQg 

pipe fish ; 4 Species B, 3.5-5mm. 
15-fm. Net ; Gobius minutusy 6*5mm. ; 3 mackerel, 

3-6mm. 
Vertical Net ; Species B, 3 '5mm. 

2-fm. Net ; Gobius minuttiSy 3mm. 

4-fm. Net; 2 Gobius minutuSy 3 '5 and 6 '5mm.; 

larval pleuronectid ; 6 Sp. B. , 3-8mm. 
6-fm. Net; 9 Species B, 4-8mm. : Gohi^u {II. y) 

4mm. 
10-fm. Net ; 7 Gobius minntusy 4"7mm. ; 10 Specie* 

B, 4~6mm. 
15-fm. Net; 14 Gobius minnUiSy 5-6mm.;21 Species 

B, 4-7mm. 
Vertical Net, 2 Gobius minuiuSy 7mm. ; Species B, 
6nim. 

2-fm. Net ; cod, 3mm. ; gadoid, 4mm. 

4.fm. Net ; Species B, 5mm. 
10-fm. Net ; Gobius minuiuSy 3mm. ; Gobius (II.), 

4mm. 
15-fm. Net; Goltius minutuSy 7 •5mm. 

Surface ; Montagu's sucker, 5mm. ; 2 Species B, 
5mm. ; 3 Gobius (II.), 6-7 ^mm. 
l-fm. Net ; 2 Species B, 4'5mm. ; 2 Gobius (II.), 

4mm. 
2-fm. Net ; larval plaice ; cod, 3mm. ; 11 Species 

B, 3-6mm. ; 6 long rough dabs, 4mm. 
4-fm. Net ; gadoid, Timm. ; 29 Species B, 5- 

8mm. ; 2 Gobius (II.), 4 and 9mm. 
6.fm. Net ; 6 Species B, 5-8mm. ; 4 Gobius {U.), 

7- 10mm. 
10-fm. Net; 11 Species B, 3'5-lOmm. ; 4 Gobius 

(II.), 6-lOmm. 
l^.fm. Net; 4 Species B, 4-7 'Smm. ; 2 Gobius 

(II.), 3'5and 7mm. 
Vertical Net ; cod, 3mm. ; 4 Species B, 3-4 Smm. ; 
Cottus (sp.) 5-5mm. 16 Gobius (11.), 3- 
timm. 
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Station I., 5th July, 
Station II., 6th July, 

Station IIL, 8th July, 
Station IV., 7th July, 



Station v., 7th July, 



Station I., 8th Auguat, 
Station II. , 9th August, 

Station III., 9th August, 

Station IV., 9th Aujjust, 
Station V., Sih August, 



4-fm. Net ; Species B, 6'5mm. 
6-fm. Net ; 6 Oohim (11.), 3-5-6ram. 
10-fm. Net ; Species B, 3ram. ; 2 Oobius (II.), 5ram. 
15-fni. Net ; (JohiuK minntwi ; Oobiiis (II.), 4'5mm. 
Vertical Net; cod, 3mm.; Oobius (II.), 9mm. 
Surface, 2 Cyclopterm lumpm, 7 and 13mm.; 
Oobiits minuiiuif 6mm. 
l-fm. Net ; 3 Gobius (II.), 3-7mm. 
2-fm. Net ; 2 Oobius (II.), 4 and 8mm. 
6.fm. Net ; Oobiiis (II.), 4mm. 
lO.fm. Net; Oobius (II.), 3-5mm. 
15-fm. Net ; Species B, 3mm.; Oobius (II.), 4mra. 
Surface; Cyclopterus lumpus, 13mm. 
15-fm. Net; Cottus (sp.), 8mm.; 2 Oobius (11.), 

3*5 and 5mm. 
Surface ; Oobius minutusj 3mm. 
l-fm. Net ; 6 Lepadogaster bimacxUatus, 3-5mm.; 

7 Gobius minutuSf 3-8mm. 
2-fm. Net; Lepadogaster bima<mlatusy 3 '5mm.; 

Oobius minutuSt 8mm. 
4-fm. Net ; Lepadogaster bimacula^uSf 4mm. ; 
Oobius (sp.), 4-5-8mm.; 2 Species B, 
4 and 5mm. 
6-fm. Net; Lepadogaster biTriaculutus, 5mm.; 
6 Gobius minutuSf 5*5-10mm.; 16 OobiuM 
(II.), 3-5-8mm.; Species B, 4'5mm. 
lO-fm. Net ; 2 Oolnus (11.), 6 5mm. 
16-fm. Net; Oobius (II.), 8mm. 
Vertical Net, Lepadogaster bimacufatiM, 4mm.; 

Species B, 3-5mm. 
Surface ; 30 Lepadogaster bimaculatusy 3 5- 
6mm.; 1696 Gobius niimUm, 4-10'5mm.; 
larval mackerel, 3*5mm.; 2 Species B, 
4*5mm. 
l-fm. Net; 2 Lepadogaster bitnaciUatus, 5 and 

5'5mm.; 48 Gobius miuutusy 4-8mm. 
2-fm. Net ; Lepadogaster biynacufatus, 4mm. ; 

31 Gobius ill.), 3-5 -Smm. 
4-fm. Net ; 2 Lepadogaster bimacuiatuSy 4 and 
6mm.; 4 Species B, 6mm.; 20 Oobius 
minutuSy 5-8mm. 
6-fm. Net ; 18 Oofnus mimUuSy 4-8mm. 
10-fm. Net; 3 Lepadogaster binuicuIattiSy 4-6mm.; 

12 Genius minutuSy 4-11 -Smm. 
IS-fm. Net; 2 Lepadogaster bimaculatusy 5 and 

9'5mm. ; Oobius minutuSy 5'5mm. •^ 

Vertical Net, //cparfo^flw^cr bimacuI<UuSy 5 '5mm. ; 28 

Oobius minutusy 5-6mm. 
4-fm. Net; larva, 3mm. 
6-fm. Net ; 

15-fm. Net ; cod, 3nim. 
Surface ; Lepadogaster bim<iculatusy 4mra. 
6-fm. Net ; Oobius (sp.), 3'5mm. 
lO-fm. Net ; Oobius (sp.), 4mm. 
15-fm. Net; Gobius (sp.), 3mm.; 3 Lepadogaster 

bimucula>tusy 3 and 4mm. 
10-fm. Net ; Oobius (sp.), 3mm. 
15-fm. Net; Lepadogaster bimaciUattiSy 9mm.; 

2 Species B, 3 and 3 •5mm. 
6-fm. Net ; Oobius minuiuSy 3mm. 
Surface ; Gobius minutus, 3 •5mm. 
l-fm. Net; gadoid, 5mm. 
4-fm. Net ; Oobius [s^.)^ 4'5mm. 
6-fm. Net ; 3 Gobiim minuiusy 6-7mm. 
10-fm. Net ; Lepadogaster binmculatuSy 10mm. ; 

Oobius (sp.), 4 •5mm. 
15-fm. Net; Lepadogaster bimacut<M/us, 8mm.; 
4 Gobius minutuSy 5-7mm, 
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Notes on the foregoing List, 

In the list of young fishes, certain of them are recorded of sizes which are 
palpably too small. Many of the larval and post-larval forms were 
distorted and injured, and it was only possible to give approximate sizes. 

Gobius (II.). — The forms labelled Gobitis (II.) differ from Ghbius 
minutus in the following points: — There is no black pigment on the 
dorsum in Gobius (II.), whereas Gobius rninuttis has a patch of pigment 
consisting of two large stellate corpuscles and a smaller third, on the 
dorsum, a little in front of the tail. In the latter the black pigment on 
the ventrum consists of a row of fairly large detached corpuscles extend- 
ing along the mid-ventral line of the abdomen, and continued behind the 
anus for some distance towards the tail In Gobius (II.), on the middle 
line of the abdomen the pigment is represented by a thin black line. 
Behind the anus the line is double for a short space, and is then replaced 
by several large pigment corpuscles. This description refers to preserved 
specimens of 7mm. length. 

Species B., as mentioned above, includes more than one species, but the 
majority consists of a form which I have referred to the mackerel. 

Mackerel (?) — Several stages have been drawn by Miss Walker, 
St. Andrews (Plate VL, fig. 1 — 7 and 12). The youngest example, 4mm. 
in length, is characterised by a large amount of jet black pigment, laid 
down in a very definite arrangement. The brain is covered by a patch of 
stellate pigment corpuscles (Plate VI., fig. 16), while along the dorsum a 
broad row of minute spots extends to within a short distance of the hose 
of the tail fin. It is indistinctly divided into two rows. Just behind the 
anus there is a distinct lateral band, formed by a short row of pigment 
spots along the lateral line. Over the abdomen (fig. Ic.) are scattered 
minute spots, specially concentrated in the rectal region. They are con- 
tinued behind the anus in a broad row to a point below the end of the 
dorsal pigment row. In Fig. 2, a specimen 1mm. longer than the 
preceding, the arrangement of the pigment is exactly similar. In this 
and the following stage, of 5'5mm. in length (fig. 3), the pigment is 
intensified, the bar behind the anus being more prominent The dorsal 
pigment has now become definitely arranged in two rows, one along each 
side of the marginal fin. The pigment on the head is laid down in a 
heart shape, and is separated from the outer end of the dorsal rows by a 
little gap devoid of pigment. In Fig. 4, which represents a specimen of 
6'5mm., the pigment rows have broadened ; the anal rows, widely 
separated at the anus, approach each other as they proceed towards the 
base of the caudal fin. The minute black spots on the abdomen and sides 
have increased greatly in number. At 8'5mm. (fig. 7) the whole body, 
with the exception of a little portion anterior to the base of the tail fin, 
is covered with the minute spots. The bar on the tail is to some extent 
hidden by the increase in pigmentation. On the dorsum the pigment 
consists of large stellate corpuscles (fig. lb). The ventral appearance is 
shown in Fig. Ic. The dorsal fins, two in number, are indicated 
indistinctly in the earliest form, but it is only at the last 
stage referred to that they are prominent. The first dorsal (7 fin 
rays ca) is situated a little posterior to the pectoral region ; the 
second dorsal (10-11 fin rays ca) begins at a point on the dorsum 
immediately above the rectum. The anal fin (9-10 fin rays ca) in its 
origin and breadth closely resembles the second dorsal. Fig. 6 shows a 
form a little smaller than that shown in Fig. 7. In general form and in 
the arrangement of the pigment it is exactly similar to the preceding 
specimens, but it differs in the character of the pigment. In this case 
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the pigment on the sides and abdomen, instead of consisting of minute 
black spots, is in the form of large dark brown stellate corpuscles, giving 
the little fish an almost black colouration. This difference in pigmenta- 
tion may, however, be of no importance, since in life the minute spots in 
the other specimens would no doubt be stellate. It may perhaps be 
sufficiently explained by the assumption that in one case the corpuscles 
remained expanded after death, while in the other they contracted. The 
largest specimen of the series — viz., one ll*5mm. — is damaged (fig. 12). 
Each example, with the exception of 1 and 2, had very characteristic 
teeth. In Fig. 7 two long recurved teeth wore present in front in the 
lower jaw, one on each side of the symphysis of the mandible. Behind 
these on each side were two triangular teeth. In the upper jaw three 
teeth, similar to those of the lower jaw, were found on each side. The 
front tooth, recurved like that on the mandible, was not quite so 
prominent as the latter. The smallest form in which the teeth were 
noticed was Fig. 3, where the two recurved teeth and one or two 
triangular teeth were present. The blunt shape of the head is a feature 
of note in this species. The only young forms hitherto described that 
resemble the above are the young mackerel sketched by Holt* From the 
general resemblance between my specimens and those recorded by Holt, 
as regards general form, arrangement of the fins, and the possession of 
teeth, I am convinced that the fishes I have described above are the 
young of the mackerel {Scomber acombrus). A larval mackerel was 
captured on Station V. on 7th July. It exactly resembles the larval 
mackerel described by Cunningham.t 

Lepadogasier bimaculatus was frequently met with in the tow-nets. 
The most noticeable points in this form are the truncated head, and the 
pigment, which is uniformly scattered over the body, with the exception 
of the posterior third of the tail and the top of the head. In the smaller 
examples — e.g., fig. 8b, figs. 9 and 10 — the head is quite free of pigment. 
In the largest specimen sketched — viz., fig. 11 — the pigment has begun to 
appear on the top of the head. The pigment from either side of the 
abdomen extends downwards and forwards, meeting in the hyoid region. A 
V-shaped arrangement is then given to the pigment on the under surface of 
the head (figs. 8c and lie). The above specimens do not show the sucker. 
In older examples — viz., of a length of 10mm. — the sucker is well developed, 
and in one at 8mm. it is seen indistinctly. The latter also shows the V- 
shaped arrangement of pigment in the hyoid region. The pigment in 
those from 7'5-lOmm. long is, as described by M*Intosh and Master- 
man,t laid down in four more or less regular longitudinal rows of large cor- 
puscles on the side of the body. A semicircular curve of pigment follows 
the outline of the mid-brain. No other pigment is present on the head. In 
an example of 5mm. length the pigment consisted of large chromatophores, 
instead of minute spots as in those sketched. It is probable that those post- 
larval forms which were put into the preserving fluid when alive retain 
their chromatophores in an extended condition, while those which were 
killed in the net exhibit a pigmentation consisting of minute spots. The 
bulging eyes were characteristic of all the examples. The short stumpy 
pectorals were well seen in specimens from 5mm. upwards. In the 
specimen 10mm. in length, the V-shaped arrangement of pigment in the 
hyoid region was absent. The larva of this species has been described 
by Holt.f 

* Jour. Mar. Biol. Auoc.^ vol. v., No. 2. 
t Op.tU. 

X On.eii. 

§ Scientific Trans. /?f>y Dublin ^., lii., 1., 1891, p. 447. 
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31 


1 


92 


Plaice, . 


... 
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... 




... 
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8 
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... 
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20 
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20 
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••• 






27 


Species B., 


... • •• 


33 


267 


140 


11 


2 


453 


L. bimaculattis, 


... ' ... 












57 


Other Fishes, . 


... , ... : ... 










2279 



Totals for bach Station. 



Station I., 

,, 11., 
„ III., 

„ IV., 

v.. 



22 
5 



6 


2 


4 


12 


3 


27 


71 


3 


33 


12 


7 


149 


77 


300 


72 


4 


4 


463 


6 


14 


6 


47 


1 


74 


22 


184 


92 


1872 


U 


2189 



Total Number of Fishes for bach Net. 



Fathoms, 

Number of 

Fishes, 




Grand Total, 



2,935 young fishes. 



The collection of fishes is marked by the very small proportion of the 
young of the food-fishes. Out of a total of 2935 fishes, 143 only 
belonged to the Gadoid and Pleuronectid genera. Of these, the majority 
were cod, plaice being represented by seven individuals. Twenty 
undetermined Gadoids and 27 Pleuronectids completed the total of these 
genera. Of Species B, a large number of specimens were obtained — viz., 
453. On the other hand, a fairly large number of other forms, which, 
however important they may be as food for more valuable fishes, are not 
of themselves of any commercial importance, were obtained. The absence 
of the food-fishes is probably accounted for by the fact that the nets did 
not fish deep enough at the time. The vertical distribution of young 
fishes in their early post-larval stages is not very well understood, and the 
reason why the young of coarse fishes are found in large numbers in the 
upper zone, while the young of food fishes are absent, is a matter deserving 
attention. It will be noticed in the Table giving the numbers of fishes 
for each net, that the vast majority were found at the surface. The. 
total 2752 here given is, however, made up almost wholly of one catch — 
viz., that made on Station V. in July — when 1729 fishes, almost entirely 
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Gk)bie8, were captured at the surface. All the other stations during 
the seven months from February to August only contributed 23 
individuals to the surface net. Leaving out the special collection 
made at Station V., it is seen that the number of fishes increases 
regularly with the depth, to a maximum at 4-6 fathoms, deeper than 
which level it steadily decreases. The cod which appear in the collection 
are all very small, and had been newly hatched, which fact seems to 
indicate that the post-larval stages are not passed in water of less depth 
than 15 fathoms in Loch Fyne. Of course it is necessary at present to 
except the shallow shore waters. It is possibly simply a withdrawal from 
the surface waters where it has been hatched to the bottom, at whatever 
depth that may be. On the stations the bottom lay usually at a depth 
considerably over 15 fathoms. The post-larval young of the coarse fishes 
then appear to be found mainly at a depth of 4-6 fathoms below the 
surface. The cod larvae were found in every net, except the surface. 
The plaice were found at the surface, 1, 4, and 6 fathoms. The inference 
then seems to be warranted that most of the food-fishes on hatching leave 
the region in which the eggs are floating, and their place is occupied by 
fishes hatched from demersal eggs. M'Intosh and Masterman say that the 
young cod, shortly after reaching a length of '33 inches, retire from 
the upper waters and seek the lower regions of the sea. **It is 
" instructive to compare the change of habitat of the growing plaice and 
" that of the sand-eel. In the former, life is commenced in the surface 
" water, and as the embryo advances in its development it is drifted 
"towards the shore. Here the little larva, set free from its prison, 
" migrates gradually but surely to the bottom in shallow water. In the 
" other case the embryo embarks on its existence (in the winter-spawning) 
" in fairly deep water, and embedded in the dark still sand. From this 
" secure retreat the larval form emerges, and with increased size it works 
" it way upwards to the light and warmth, and eventually disports itself 
"in the surface water, a prey to many a foe."* Petersen t found in Faeno 
Sound " that the fry of almost all fishes with pelagic eggs which occur 
" there, except Motella, are much rarer than the fry of those which deposit 
" their eggs on the bottom." He discusses the fact very fully from the 
points of view of the salinity of the water, and the currents which 
running in the neighbourhood may affect their distribution. The Table 
recording the larvae obtained by Holt J at Plymouth does not aflford 
corroborative evidence. The larvje of fishes having pelagic eggs were 
more numerous than those hatched from demersal eggs. 

The position in the water in which the young forms are floating will 
have an important bearing on their distribution. A portion of them at 
least will be subjected to surface currents, and ere they pass through their 
post-larval stage may be transported long distances. Thus, while the 
distribution of fishes having pelagic eggs is effected in the egg stage, the 
young hatched from demersal eggs are carried away by currents during 
the post-larval stage. An interesting mode of distribution is noted in 
connection with the specimens of Cyclopterus linnpus captured. They 
were found at the surface on drifting pieces of Fiicus, Holt § found young 
Liparis among drift weed at the surface. 

PHYSICAL OBSERVATIONS. 

Table XVI. gives the temperature and salinity observations made 
during the first eight months of 1898 on the stations where the other work 

*M*Intosh and Masterman, op. at, 

+ Petersen, o;>. cit. 

t Holt, op. at 

§Holt, Trans. DM In Rotfn/ .So*-., 1891. 
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was carried on. The temperature of the air and particulars regarding 
weather and tide are given in the Tables recording the numbers of 
pelagic ova. The salinities were obtained from MilPs Papers,* and from 
Dittmar*s " Physical and Chemical Results of the * Challenger.' " 

The highest temperature for the surface water was found in August, 
when, on Station V., it registered 15'8°C. The lowest for the surface was 
in February and March — viz., 6'7° at Station V. in February, and 6*5® in 
the same region in March. The lowest temperature at 7^ fathoms was 
also found on Station V. — viz., 6*9* in February, while the highest at 
that depth was 11-4° at Station I. in August. The lowest temperature at 
15 fathoms was met with at Station V. in February, and the highest was 
at Station II. in August. 

The lowest salinity was found on Station V., in March, when the 
surface water was quite fresh. The surface water of Station I. in June 
had the highest salinity — viz., 3*34. At 7| fathoms the salinity varied 
from 2-58, Station V. in January, to 3-38, Station III. in June. The 
water at 15 fathoms had its lowest salinity in January at Station IV. — 
viz., 2-72, and its highest, 3'5, at Station III. in Juue. 

The temperature of the air varied from 4*C. in February to 18'5° on 
10th of June. 



[Table. 

• "Report on the Physical Observations in the Forth and Clyde." Ninth Annual 
Report of the Fuhety Board. *' Report on the Physical Observations on the Forth, Tay, 
and Clyde." Khvfnth RepoH, Ibid., "Clyde Area " ov. r»'/. 
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DESCRIPTION OF PLATES. 

Plate II. — Chart of Loch Fyne, showing position of the five stations. (iSee 

p. 79.) 
Plate III. — Shows diagram mat ically the number of eggs in each stage of develop- 
ment obtained in the different stations. (See p. 102.) 
Plate IV. — Curves formed by the numbers of Pelagic Eggs and by the volumes 

of Copcpoda obtained on each station. (See p. 114). 
Plate V. — Diagrammatic representation of the Vertical Distribution of Pelagic 

Eggs and Copepoda. (See p. 117.) 
Phvte VI.— 

Figs, la, lb, Ic — Lateral, dorsal, and ventral views of an example oi 

mackerel 4mm. in length. 
Fig. 2 — Specimen of the same about 5ram. long. 
Fig. 3— „ „ 5-5 „ 



Fig. 

Fig. 5— 

Figs. 6a, 6b, 6c— 

Figs. 7a, 7b, 7c— 

Fig. 12- 

Fig. 8a, 8b, 8c— Lateral, 



6-5 ,, 
6-5 „ 

8mm., lateral, dorsal, and ventral views. 
8-5 

1 1 'Smm. 
dorsal, and ventral views of an example of 
Lepadogaster himaculatuA about 4mm. long. 
Fig. 9 — The same, 4'5mm. long. 
Fig. 10— „ 5 „ 

Fig. 11a, lib, lie— Lateral, dorsal, and ventral views of an example of 
the preceding measuring 5*5mm. 
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III. THE IISrVERTEBRATE FAUNA OF THE INLAND WATERS 
OF SCOTLAND.— REPORT ON SPECIAL INVESTIGATION. 
By Thomas Soott, F.L.S., Mem. Soc. Zool. de France. (Plate VII.) 
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INTRODUCTORY. 

In my paper on the Invertebrate Fauna of the Inland Waters of 
Scotland (published in Part III. of the Sixteenth Annual Report of the 
Fishery Board for Scotland), it is stated in the preliminary remarks that, 
at the request of the Fishery Board, a certain number of the fresh-water 
lochs of Scotland were being examined at more or less regular intervals 
in order that some information might be obtained concerning the effect 
produced on the invertebrate fauna of these lochs by the changes inci- 
dental to the different seasons of the year, and to discover whether 
the various organisms living in the different lochs were, or were not, 
equally susceptible to seasonal variation. 

This special work has now been completed, and a description of the 
results obtained — so far as they relate to the crustacean inhabitants of 
the various lochs examined — is embodied in the following pages. 

Before proceeding to give a description of the results, it will be 
necessary to state briefly the names of the lochs examined, and the 
method adopted in their examination. 

The lochs selected for special investigation were the following : — Forfar 
Loch, near the town of Forfar ; Loch Leven, Kinross ; Loch Lomond 
and Loch Katrine; Loch Arklet, situated between Loch Lomond and 
Loch Katrine ; Loch Achray, Trossachs ; Loch Doon, Ayrshire ; and 
Duddingston Loch, near Edinburgh. Loch Lomond and Loch Katrine 
are deep-water lochs ; Loch Arklet and Loch Doon are upland lochs, and 
situated at a considerable elevation above sea level ; Forfar Loch, Loch 
Leven^ and Duddingston Loch are comparatively shallow lochs; Loch Achray 
is a small loch, and seems to be merely an expansion of the River Teith, 
which, issuing from the Trossachs end of Loch Katrine under the name 
of Achray Wiiter, spreads out into Loch Achray in its eastward course. 

These lochs were examined at intervals of about three months, and the 
method adopted in their examination was somewhat as follows : — At a 
suitable part of each loch tow-net gatherings were collected in the open 
water by means of a rowing-boat. Two tow nets, made of silk and of 
different degrees of fineness, were used ; the coarser one had about forty- 
five meshes to the inch, which, when the net was wet, were sufhciently 
close to capture very small entomostraca ; the other was much finer, having 
at least four times as many meshes to the inch, and was used for the 
collection of diatoms, infusoria, and similar minute organisms. Hauls 
were made at various depths, but usually not below ten fathom^ as I 
find from the examination of a considerable number of the lochs of Scot- 
land that, with few exceptions, representatives of all the free-swimming 
Entomostraca are to be obtained between the surface and ten fathoms. 
These organisms appear to be distributed all through the water — at least 
in the case of lochs that are shallow — and also to a considerable extent 
where the water is of great depth — as in Loch Morar; generally, however, 
it is found that under twenty or thirty fathoms the catches become smaller 
the deeper the net is worked. Loch Lomond and Loch Katrine were 
tow-netted at both the upper and lower ends. Along with the tow-net 
work the temperature of the water, the direction of the wind, and the 
state of the weather were recorded. In the case of the deep lochs three 
temperature readings were taken — viz., at the surface, at five fathoms, and 
at ten fathoms. In the case of shallow lochs, where the depth did not 
exceed five or six fathoms, the temperature of surface and bottom only 
was taken. Moreover, in addition to the tow-net work in the open 
water, the shore, where suitable, was also examined by means of 
a hand net (a small net mounted on a ring fixed to the end of a 
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stafif or pole) worked about amongst the vegetation along the shore. 
Interesting results were sometimes obtained in this way, and generally, 
though individuals were much fewer than in the tow-net gatherings, the 
variety of organisms was greater. The gatherings collected with the tow 
nets and hand nets were transferred to separate bottles and preserved iu 
methylated spirit for subsequent examination. 

In the preliminary remarks in last year's paper on the fresh-water lochs 
already referred to, it was also stated that, besides the examination of the 
eight lochs previously mentioned, a somewhat similar series of observations 
was being made in the three lochs in the line of the Caledonian Canal — 
viz., in Loch Ness, Loch Oich, and Loch Lochy. These lochs have been 
tow-aetted at various times by the s.s. ** Garland " when passing to and 
from the West Coast. This work was attended to principally by Mr. F. 
G. Pearcey, naturalist on board the vessel. Various circumstances con- 
nected with the work of the " Gurland " prevented these lochs from being 
examined with the same regularity as the others. The results of the two 
series of observations are described separately. 

The thermometers used in all these investigations were the Negretti and 
Zambra deep-sea reversing thermometers, as used on board the " Garland." 

In describing the results of the examination of these lochs, each loch 
will be considered apart from the others. After referring to any point of 
interest concerning the loch itself, the temperature of the water and the 
other physical observations connected therewith that were recorded each 
time the loch was visited will be first referred to ; a list of the free- 
swimming entomostraca that have been captured in the tow- nets will be 
given next ; and afterwards a list of the species of Crustacea and moUusca 
obtained in the shore gatherings. Questions relating to seasonal variation, 
distribution of species, etc., will also be discussed; while notes on a 
number of the rarer and more interesting species obtained are added at 
the end. 

The Entomostraca, being the most important group of the higher fresh- 
water invertebrates, will, along with other crustacean species, be noticed 
in the present paper ; any mollusca observed will also be included ; but 
the lower forms, the infusoria and micro-algae, will be treated 
separately later on. 

The following Table gives the names of the various lochs referred to in 
the present paper and the dates on which they were examined : — 





First Series. 














Dates of Examination. 




Namea of the Loch». 
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- - 














189 






1898. 




Loch Achray, 


.Sept. 


10 


Nov. 27 


Mar. 17 


June 28 




LochArklet 


M 


9 ' 


M 2« 


,. 15 


.. 27 




Loch Doon 


M 


16 


Dec. 10 


H 31 


July 7 




Dnddingston Loch, 


- ,, 


1* 


n 16 


.1 2 


June lA 


Sept. 16 


Forfar Loch 


July 


24* 


Nov. 3 


M 4 


„ 16 


„ 15 


Loch Leveo, .... 


Sept. 


iJ 


Dec. 16 


., 3 


„ 13 




Loch Lomond— Upper end, . 


Aug. 


20 , 


Nov. 25 


„ 16 


,. 29 




„ Lower and, . 


i> 


20 . 


M 24 


.. 22 


.. 21 




Loch Katrine— Upper end, . 


Sept. 


9 ' 


„ 26 


..1. 






„ Lower end, . 


rli .tiid Fo 


10 


M 26 


n 16 


M 28 




• Duddlngston L^' 


rfar Loch were not 


t tow-nettod at thene dates. 
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Naineii of the LocHh. 



Loch Lochy, . 
' Loch Nesii, 
Loch Oich. 



Aug. 6 Oct. . 27 



„ 28 

not exam* 
ined. 




1898 

Jan. 24 Auk. 4 

I 
If i?5 ! „ '.i 

„ 24 „ 4 



Oct. 



* Loch Nesa was tow-netted at three places— off Castle Urquhart, oflf Foyers, and off Port Olalr. 



I. FIRST SERIES OF LOCHS EXAMINED. 

Description of the Results. 

In describing the results of the examination of the first series of lochs, 
I propose to consider them in the following order : — Loch Lomond, Loch 
Arklet, Loch Katrine, Loch Achray, Forfar Loch, Loch Leven, Dudding- 
ston Loch, and Loch Doon. 

(1) Loch Lomond. 

Loch Lomond, besides being the largest, is also the deepest of the 
series of lochs now under consideration. Its elevation above the sea 
is also less than that of the others, being, according to the Ordnance 
Survey map, only twenty-three feet above sea level. The chain of islands 
that stretches across the loch from Balmaha to a little south of Luss 
divides it into two unequal portions that differ greatly from each other 
not only in general outline but also as regards depth of water. The 
greatest depth of that portion south of the islands appears not to be more 
than thirteen or fourteen fathoms, but on the upper side the depth rapidly 
increases to over thirty fathoms, and from Rowardennan to the head of 
the loch depths of eighty and ninety fathoms are reached in several 
places. The deepest part, however, is about a mile to the south of 
Inversnaid Hotel, where, according to the Admiralty chart, soundings of 
one hundred and one fathoms have been obtained. It is probable that 
there may be parts of the loch between Tarbet and Inversnaid even deeper 
than this, for I have heard it asserted by one who was a very careful 
observer that he obtained a sounding considerably beyond one hundred 
fathoms. 

The shores of Loch Lomond, especially of the upper portion of the 
loch, are not very favourable to the existence of an abundant shore fauna. 
There is comparatively little vegetation along the sides of the loch amongst 
which the non-swimming organisms can find shelter. Parts of the 
shore at the lower end were found to be better adapted as a habitat for 
such forms, and, when examined, yielded fairly good results. 

The lower end of the loch — from Balloch Pier northwards toward the 
island of Inchmurrin — was tow-netted on 18th August and 24th November 
1897 ; and from Balmaha to outside of Clairinch Island on March 22nd 
and 2 1st June 1898. The upper end of the loch off Inversnaid was tow- 
netted in August, November, March, and June. Different portions of the 
shore were also examined. That portion extending between Luss and 
Inverbeg was examined on 20th August 1897, under very unfavourable 
conditions as to weather, there being a more or less steady downpour of 
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rain all the time. On 23rd November a large part of the shore between 
Balmaha andRowardennan was examined, while that portion from Balmaha 
southwaitis to near the mouth of the River Endrick was examined on 
22nd March and 2l8t June 1898. 

Temperature Observations. 

The examination of the loch included, as already stated, not only tow- 
net experiments, but the recording of the temperature of the water and 
other necessary physical observations. The annexed Table shows the 
various temperature readings observed each time the loch was examined. 

Table showing Temperature and other Physical Observations. 











Temperature. 


Wind 


w-«»h»,. ! Surface MoTemcnt 
Weather. of Water. 


Position. 


Date. 1 Hour. 




Water. 




1 


1 Air 




Direction t Force 




1 \ 


Surf. liFms.'lOFms 






1897. 
Aug. 20 6 p.m. 


Dens. 


Degs. Degt.lDegs. 

00 59-8 54-9 


Westerly. Light. Dull ; fair. Slight ripple. 


Upper end 
of loch, off 
Inrersnald. 


Not. 26;i.80p.in.' 450 
1898. 1 
Mar. 3! 2 p.m. 4G%5 


480 480 48-U 
42-6 42-5 1 42 2 


Easterly. Squally. Dull; fair. ' Irregular. 

S. West. Light Dull ; sh'wry Movem'nt moderate. 




June 29 11 A.m. 


GO-0 ' 54-8 ' 4'J"2 

1 1 


S. East. ! Light, Hary;inclin-' Slight lipple, 
1 squally, ing to rain. 


i Lower end— 

j (1) North of 

Balloch 

Pier. 

(2) Off Bal- 

malm. 


Aug. 19 
Not. 24 


Noon. 1 
10 a.m. 


4fm8.' 
60-7 60-3 1 . . 

5fras.| 
47-8 48-0 

28 ft. 
42 42-(> 

5 f ms. 
61-1 59-7 


X. West Light. Showery, i Slight ripple. 
Easterly. Light. Dull ; fair. SUght ripple. 


Mar. 22 
Juno 21 


2 p.ra. 4l»& 
1.80p.m. 62-6 


S. West. 
S. Westerly. 


Light. Cloudy. SUght ripple. 
Light. Clear; warm.! Slight ripple. 



I desire specially to state here that the temperature readings in this 
and similar Tables throughout the present paper are according to the 
Fahrenheit scale ; also, that the readings are those of the thermometer 
used — they are not corrected readings ; and, as different thermometers may 
not give exactly the same reading (the one with the other), the true 
temperature of the water may be a little greater or a little less than that 
stated in the Table. The purpose of these Tables, therefore, is to show 
not so much the exact temperature of the water, but rather the variation 
of temperature at the different depths and at the different seasons. 

It will be observed in the Table given above that the readings for 
August and June, taken at the upper end of Lioch Lomond, show a more 
or less rapid decrease of the temperature of the water from the surface to 
the depth of ten fathoms, but that the difference was not so great in 
August as it was in June. It will also be observed that the readings 
recorded in November and March exhibit little or no difference between 
the surface and under-surface temperatures, and that the readings for 
March are several degrees under those for November. 

The study of temperatures, when intended to be exact, is somewhat 
difficult owing to many circumstances relating to wind, weather, 
currents, etc., requiring to be considered. Speaking generally, however, 
the reason for the differences referred to above may probably be the 
following : — In June the summer heat, though it readily influences the 
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surface water, has so far only been able to a small extent to affect the 
under-surface water, but though, as the heat continues, it may not greatly 
increase the surface temperature, its influence extending downwards 
gradually raises for a considerable distance that of the under-surface water. 
The difference between the temperature at the surface and at ten fathoms 
on 29th June 1898 was 10*8 degrees; but on the 20th August 1897 the 
difference was only 5*1 degrees. By the time November is reached the 
summer heat has given place to colder weather, and one of the results of 
this is that the surface temperature of the water is lowered and becomes 
more and more uniform with that of the water beneath the surface. As 
the winter advances it tends to reduce the temperature of the water still 
further ; but though the lowest readings of the present series of observa- 
tions are those taken in March, it is probable that the average lowest 
readings may occur earlier in the year. Definite information on such 
points would, however, require a special and lengthened series of 
observations. 

At the lower end of the loch the water, being comparatively shallow, 
did not show the same amount of variation between the surface and under- 
surface temperatures in August and June. The surface temperature was 
rather lower in March, but slightly higher for the other months. 

Pelagic Entomostra^a Captured by the Tow-Nets, 

Free-swimming entomostraca did not appear to be very plentiful in 
Loch Lomond, and they were less frequent in November and March than 
in August and June. Fourteen species were obtained in the tow-net 
gatherings collected during the four visits to the loch, but only a few of 
the species occurred in all the gatherings. The two tow -nets already 
described were used, and gatherings were collected to the north of Balloch 
Pier, off Balmaha, and off Inversnaid. The following Table contains the 
names of all the species captured by the tow-nets, and the localities and 
dates where they were obtained. 
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Table containing the Nambs of Entomostraca Captured in Tow 
Nets, with Datb and Place of Capture. 

Abbreviations used :— ab., abundant ; c, common ; fr., frequent ; f., few ; r., rare ; 0, none. 

1897. 1898. 



Names of the Species. 



Copepoda — 
Diaptoimis gracUU . 

G. 0. Sars. 
Cyclop* Btrennug^ Fischer 

Cydops leuckarii, Claus 

Cyclops nridis (J urine) 

Cyclops albiJifg (J urine) 

Cladocera — 
Sida crystallhia (MUller) 

SiinocepHial ug rcttdm 

(MiiUer). 
fDaphnia /acustrui 
G. O. Sars. 
Bosmina lont^iroslris . 

(MUller). 
Hosmina longupina . 

Leydig. 
Eurycerciu lamelhUt(.<( 

(MUller). 
Polyph^u us pedinthu 

. (Idnn.), 
flythotrephfs lanffimauHs 

Leydig. 
Lfptodora hyalina 
Lilljeborg. 



'Cos 


-VOi 


cS 


C^ ( 


»>. 


a> ^ ' 


Vi 


U. 


i^ 


^< 1 


r. 


1 

f. 1 


fr. 


^• 


r. 












'9 • 



bl 



T3 . 
9 > 

u 






f. 



f. 



f. 
f. 
f. 



♦f. 
f. 






r. 

ab. 

f. 


r. 




r. 
fr. 






c. 















^^ 





r. 

0' 

fr. 

r. 







f. 
f. 

r. 




fr. 









•c • 


• 


gs 


§^' 


»- 5 


u » 


?§ 


&§ 


2^ 


^' 


*r. 


*fr. 


r. 


fr. 















fr.' 


fr. 

f. 
fr. 
fr. 
fr. 








fr. 


fr. 


fr. 

f. 

f. 



It will be observed, in glancing at the distribution of the various 
organisms, that only three of the species occurred in all the gatherings. 
PolypJiemus and Leptodora, though apparently distributed more or less all 
over the loch at the date when the August and June gatherings were col- 
lected, seem to have disappeared in November and March, as no specimens 
were observed in the gatherings then collected. Bythotrephea was frequent 
in the gathering collected on the 19th August, but became rarer as the year 
advanced. No specimens were collected in March, while in June a few 
only were obtained at the upper end of the loch. It will also be observed 
that Cyclops viridis and C. alhidus among the Copepoda, and Sida^ Simo- 
cephalus^ and Eurycercus among the Cladocera, occurred in only one or 
two of the gatherings. The term " pelagic " can scarcely be applied to 
these forms in the sense in which it is applied to Diaptomtis gracilis, 
Cydops strenuus, or Daphnia. The species referred to were almost all 
collected in comparatively shallow water; and their presence in the 
gatherings in which they occur may be due to the net having passed near 
to some aquatic vegetation. In comparing the seasonal distribution of 
the various species mentioned in the Table, Daphnia lacusiris appears 

* Diaptomus gracilis was more frequent in the fine silk tow-net gatherings than in the 
gatherings collected with the other net. 

. t No male Daphnia was observed in any of the gatherings ; but the females were 
found, frequently vrith pseudova. in almost every gathering. 
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to be the one least afifected by the changes incideuttil to the different 
times of the year when the gatherings were collected ; Diaptomus gracilis 
and Cyclops strenuus come next — these two, though more plentiful in the 
warmer months, are apparently able, to a certain extent, to withstand 
the greatly reduced temperature of the water during winter ; but Leptodora 
and Byilwtrephes are evidently distinctly affected by seasonal influences. 
Further remarks bearing on these questions will be_ found in the sequel. 

Tlw Shore Fauna collected by Hand-Net. 

llie Crustacea collected by hand-net along the shores of Loch LomoLd 
represented, as is usually the case, a much greater variety of forms than 
those collected by tow-net, but individuals were less plentiful. As already 
stated, three different portions of the shore were examined : — (1) That 
part of the shore between Luss and Inverbeg ; (2) between Balmaha and 
Rowardennan ; and (3) between Balmaha and the mouth of the River 
Endrick (two examinations being made of this part). A considerable 
number of crustacean species were obtained, and also several species of 
mollusca. The names of all the species are given in the annexed Table, 
with the localities and dates of capture. 



Table containing the Names op Mollusca and Crustacea obtained 
IN Hand-Net Gatherings, with Date and Place op Capture. 

The abbreviations are the same as in the other Table. 



Localities and Dates. 



' Names of the Species. 




MOLLUSCA. 



PUidium /on<i>Mi/« (Drap.), 
Pf'tidivm nitidumy Jenyns, - 

Valrata pinrinalis (MUller), 
Planorbis a/buSf Miiller, 
„ vitidusy Miiller, 
„ glabeTj Jeffreys, 
PhysafoiUiTuUis (Linn.), 
Lininaa pertgra (Miiller), 
,, palustrii (Miiller), 
. , truncaiulm ( Miiller] 

CRUSTACEA: Amphipoda. 
(rawimarw* j?»</w (Penn.), 

ISOFODA. 
Aaellm aqucUicm (lAnTi.)y 

COPEPODA. 

Diantomui gTracilis. G. 0. Sars, 

Cyclops strenuus, Fischer. - 

,, Uuelurti, Claus, 

,, riridis (Jurine), 

,, cUbidus (J urine), 



r. 


f. 


r. 


f. 





fr. 


r. 





f. 


f. 





r. 
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Table containing thb Names op Molusca, &c,— continued. 









Localities a^d Dates. 


Names of the Species. 


^een Luss 
Inverbeg 
rust 20th, 
1897. 


etween 
maha and 
ardennan. 
mber 23rd, 
1898. 


ween Bal- 
and mouth 

a Endrick. 

rch22nd, 
1898. 


ween Bal- 
and mouth 

e Endrick. 

ine 2l8t, 
1898. 




Ill 


Ball 
Row 
Nove 


Bet 
maha 
of th< 

Ma 


Bet 

maha 

ofth 

Ji 


COVEPOHA.— continued. 








1 


„ dyhowskiif lAnde, 











fr. 


„ bicvspidatvsj Glaus, 













r. 


„ vemcUut Fischer, - 







r. 


fr. 


r. 


„ budosuSf G. 0. Sars, 







r. 








„ serrulcUuiy Fischer, - 




f. 


fr. 


r. 


f. 


„ fimbriai-usj Fischer, - - 







r. 








Canthocamptus ttaphylinus ( Jurine), 







r. 


fr. 


r. 


„ minutus, Claus, - 










f. 


r. 


„ hiHicomiSf T. Scott, - 













r. 


,, 9chmeiHij Mr^bsek, 













r. 


Attheyella cratta (G. 0. Sars), - 




f. 


r. 


r. 


fr. 


„ py^/wra (G.O.Sara), - 




f. 


r. 


fr. 


r. 



„ zichokkei (Schmeil), - 




f. 


r. 





Mararia anderson-smUhly T. k A. Scoit, 


f. 


r. 


f. 





OSTRACODA. 










Cvpria ophihahiica (Jurine), 
Cfyclocypris Icems (MUller), - 











r. 


f. 
f. 


f. 
r. 


„ Serena (Koch), - 















r. 


„ globom (G. 0. Sars), 









r. 


r. 





Cvpris ohliqua^ Brady, 
Herpetocypris reptam (Baird), 















r. 
- f. 

fr. 












r. 


Cypridopsis villosa (Jurine), 
Pionocypris vidua (Mliller), - 
Candona Candida {M\i]\er)j - 






f. 















f. 


r. 






f. 


r. 


f. 


r. 


„ fahceformis (Fischer), 
„ compi-eMa (?), Koch, 















r. 












r. 


r. 


„ acumiTuUa (Fischer) 















r. 


„ hyalina^ B. and R., 






f. 


r. 








Darwinula gteverisonij B. and R., 


















*Cytheridea lacustrU (G. 0. Sars), 









r. 








iimnicythere hwpinata (Baird), - 











r. 


Cladoceba. 










Simocephalus vettilus (MuUer), 











f. 



Daphnia lacvMrii, G. 0. Sars, 




f. 


f- 


f. 


Bosmina hngirostris (Miiller), 
,, hngispina, Ley dig, 
Eurycercus famelfatus (Miiller), - 




r. 


r. 





f. 







f, 
f. 



r. 


f. 
r. 


Actopenis harpee, Baird, 




f. 


r. 





Alonopns elonyata, G. 0. Sars, - 




f. 


fr. 





r. 


Campiocercus rec(irostn\ Schcedler, 







r. 





r. 


Alona guttata, G. 0. Sars, - 




f. 





r. 





„ rustica, T. Scott, 







r. 








„ quadranmdaris (Miiller), - 
„ a#»« (Leydig), . - 
„ cwstata, G. 0. Sars, - 







r. 


, 


r. 

r. 




f. 












Alondla exi^a (Lilljeborg), 
Pleurorus tngonellus (Miiller), - 




f. 





r. 






f. 
fr. 


,, uncinatiiSj Baird, 













r. 


Harporhynchui falcatux, G. 0. Sars, 




f. 











Chydorus spharicus {yi\JMQr), 
,, moboiusy Baird, 
„ barbitus (Bradv) - 
„ aelatusy Schoedler,- 








fr. 
r. 


r. 
fr. (jun.) 


f. 





f. 


f. 


r. 













r. 


Mmwspilus dispar G. 0. Sars, - 













r. 


Potyphemvx pedicuf us (Lin.) - - f. 












* The Cythendea was obtained in sand from the bottom of the loch between Balloch 
Pier and mchmurrin. 
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The total niimbar of species of Crustacea obtained in the hand-net 
gatherings was sixty-one, and of the molliissa nine. The formula shows 
the number of species belonging to each of the groups of Crustacea — 
Amphipoda (1), Isopoda (2), Copepoda (3), Ostracoda (4), and Cladocera 
(5) — obtained in the different gatherings, and also the total number in each 
gathering. (The figures are now in the formula in place of the names.) 



Date. 


August 20. 


November 23. 


March 22. 


June 21. 


Numbers of the Groups, 

Number of Species in 
each Group, 

Total Number in each 
Gathering, 


1, 2, 3, 4, 5. 


1, 2, 3, 4, 5. 


1, 2, 3. 4, 5. 


1, 2, 3, 4, 6. 


1, 0, 8, 3, 12. 


1, 0, 11, 5, 12. 


1, 1, 7, 7, 6. 


0, 1, 12, 11, 13. 


23. 


29. 


22. 


26. 



Moreover, the total number of species belonging to each of the five 
groups obtained in all the four gatherings is, as shown by the Table : — 
Amphipoda, one species ; Isopoda, one species ; Copepoda, nineteen 
species ; Ostracoda, sixteen species ; and Cladocera, twenty-four'species. 
It will be observed that a few somewhat rare forms were obtained in 
the Loch Lomond gatherings, the following of which may be mentioned 
here : — Cyclops dyhoioskyil, Lando (this has not been found in any other 
loch in Scotland) ; Ganthocamptus schmeiliij Mrdzek (so far, the only 
localities for this species in Britain are Loch Leven, Loch Lomond, and 
one or perhaps two other Scottish lochs) ; Monospilus dispar, G. 0. 
Sars (this species has been observed in only a few places in Scotland). 

It is probable that some of these shore forms, as well as of those that 
live in the more open water, are affected by the changes incidental to the 
different seasons ; but to obtain satisfactory evidence of this would require 
a lengthened investigation, because the influences that react on these 
shore forms are more complex. They are, for example, more likely to 
be subjected to greater extremes of heat and cold. Moreover, droughts 
may occur in spring or summer or autumn that will have a much greater 
influence on these organisms than upon those that live out in the open 
water — at least, if the water be of moderate depth. The effect of floods 
will also have a more perceptible influence on the shore fauna, and these 
are phenomena that are not necessarily incidental to any particular 
season. It is probable that the curious changes that are sometimes 
observed in the distribution of the non-pelagic entomostraca may be due 
to accidental causes such as these, and not to the usual seasonal changes. 

During two of my visits advantage was taken of the opportunity to 
examine a small loch near Loch Lomond, called the Dhu Lochan. 
The Dhu Lochan is distant about two miles from Rowardennan, and near 
the road leading south to Balmaha. A small stream issues from its north 
end, and, after a somewhat circuitous course, falls into Loch Lomond. 
This J little loch was examined with the hand-net, and a considerable 
number of interesting Entomostraca were found in it. A number of them 
were similar to those found in Loch Lomond, but the following compara- 
tively rare species are additional to those recorded for that loch : — Cyclops 
nanus, G. O. Sars ; Cyclops affinis, G. O. Sars ; Scapholeheiis mucroncita 
(MUller) ; Streblocercus ininuttLSy G. 0. Sars ; Drepanothrix dentaia 
(Euren) ; Acantholeberis cui'virostris (Miiller) ; Ilyocryptus sordidus 
(Lievin) ; Alondla nana (Baird) ; Peracantha truncata (Miiller). 
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(2) I^ch Arklet. 

This loch is situated in the valley that stretches across from Inversnaid 
on Loch Lomond to Stronaohlacher on Loch Katrine. It is a small loch, 
being only about a mile in length, by about four or five hundred yards 
broad. Loch Arklet is surrounded on all sides by rising ground, except 
towards the west; and therefore, though it is much nearer to Loch 
Katrine, the stream which issues from it— called the Arklet Water — flows 
westward into Loch Lomond, forming, where it terminates, the well- 
known Falls of Inversnaid. 

Loch Arklet, according to the Ordnance Survey maps, is about four 
hundred and dixty feet above the sea : it is therefore considerably above 
Loch Lomond or even Loch Katrine. The depth of the loch at the 
deepest part is a little over ten fathoms, but this depth is of limited 
extent. At my visit on 27th June 1898 I got a sounding at sixty-one 
and a half feet. 

Tliis loch was visited on 9th September and 26th November 1897, and 
on 15th March and 27th June 1898. 

Loch Arklet is the property of Mr. Dunsmure of Brenacboil and Inver- 
snaid Lodge. Through the influence of Sir John Murray I obtained 
liberty to make an examination of the loch, and had also a rowing-boat 
placed at my service. Moreover, Mr. Dunsmure very kindly sent his h&eA 
gamekeeper to assist me, and him I found most obliging and helpful. 

Temperature and othei' Physical Observations. 

On account of the situation and limited dimensions of Loch Arklet the 
temperature of the water was found to difler to some extent from that of 
Loch Lomond. The annexed Table shows the temperature readings 
obtained on the four occasions the loch was examined : — 



Date. 


1 Temperature. 

1 ■■ 


Wind 








Hour. 

Air. 


Water. 
Surf. 5fm8. 




Direction. 


Force. 


WcAihpr Surface Movement 
AAcaiher. of Water. 


lt<97. 
Sept. 9 

Nov. 26 

1898. 
Mar. 15 

June 27 


Degs. 
6 p.m. 
11 A.m. 46-4 

5 p.m. 46*5 
4 p.m. 68-5 


De(j». Degs. 
66-9 ; 55-6 
46-0 j 45-0 

38-4 1 38-9 
61-0 68-3 


Degs. 

Tfms. 

65 
lOfms. 

46 

lOfms. 

390 
lOfms. 

64 


Variable. 
S. Westerly. 

Soutlierly. 
Easterly. 


Light. 
Squally. 

Squally. 
Light. 


Fine. 
Dull, ah'wry. 

Cold, sh' wry. 
Cloudy, fine. 


Smooth. 
Somewhat rough. 

Somewhat rough. 
A slight ripple. 



The surface reading for 9th September is fully three degrees Fahrenheit 
below that of Loch Lomond for the corresponding date. All the readings 
for November are also three degrees lower, and the surface reading for 
March is nearly four degrees less than that of the same date for Loch 
Lomond. It will also be observed here, as in the case of Loch Lomond, 
that the temperature of the water at the different depths in November 
and March is uniform or nearly so. The June readings for Loch Arklet, 
both surface and under-surface, are higher than those for the upper end 
of Loch Lomond; the temperature at ten fathoms shows a difference of 
nearly five degrees. The difference between the lowest and highest of 
the surface readings for liOch Arklet is 22*6 degrees, while between the 
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lowest and highest at ten fathoms the difference is 15*0 degrees. In 
the case of Loch Lomond the difference between the maximum and 
minimum temperatures at the surface and at ten fathoms at the upper 
end is respectively 17 '4 degrees and 12*7 degrees. The differences in 
the temperatures of the two lochs will no doubt vary more or less from 
year to year, but will probably still be considerable. 

Pelagic Entoinostraca captured by the Tow-nets, 

The tow-net examination of Loch Arklet yielded some interesting results 
as regards the seasonal distribution of some of the species. Holopedium 
gihherumy one of the most remarkable species of the Cladocera in Britain, 
was moderately common in the tow-net gatherings collected in September 
and November 1897. When the loch was examined in June 1898 the 
species was abundant all through the water; a haul was made at different 
parts, and though the net was only towed for about ten miuutes each 
time, it captured at each haul a large quantity of this Cladoceran. On 
the other hand, when the loch was visited on the 15th of March not 
a trace of Holopedium could be seen, though several hauls were made to 
find out if the species had drifted to any particular part of the loch, or 
had temporarily left the surface and was living near the bottom, but it 
had completely disappeared. It may also be mentioned that in June, 
when the Holopedium was so abundant, other species previously observed 
were now either very scarce or absent in the gatherings collected, as 
if they had been more or less crowded out by this particular Cladoceran. 
Another point of interest may be noticed here as to certain differences in 
the catches made by the coarse and fine tow-nets. When the loch was 
examined in March the gatherings collected by both nets were compara- 
tively small, and Diaptomus gracilis, one of the Copepods captured, though 
scarce in that collected by the coarser net, was moderately common in the 
other. When the circumstances connected with these captures are 
considered, it seems as if the reverse of this might have been expected. 
The coarser net is fine enough to catch even smaller organisms than this 
DiaptomuSy and as it allows the water to pass through it more freely than 
the fine net does, a greater quantity of water passes into the net, and it also 
passes in more quickly, and thus allows free-swimming organisms less 
time to clear out of the way. With regard to the fine net, the meshes are 
so fine that the water does not pass very readily through them. This net 
has therefore a tendency to push the water out in front of it while it is 
being towed. An Entomostracan has thus a better opportunity to escape 
being captured by this tow-net than by the other ; yet, as stated above, a 
greater number of Diaptomus gracilis were obtained by the fine net 
than by the coarser one. The annexed Table contains the names of all 
the species captured in the tow -nets, and the dates when captured. 
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Table containing the Names of Entomostraca Captured bt the 
Tow-Nets, with Date op Capture. 

Abbreviations as before. 





1897. 


1898. 


Names of the Species. 












1 




Sept. 9th. 


Nov. 26. 


Mar. 15. \ June 27. 


COPEPODA. 










i>*ap<OTOia ^raci/ii, G.O., Sars, - 
Cydopt strenuutf Fischer, - - - 






f.(fr,infine 

net). 

r. 


f.(c.infine 

net). 




f. (in fine 

net only). 




,, viridiSj (J urine), 





r. 


r. 





,, albUlus, (J urine), 


r. 











,, fimbriaiutt Fischer, - 











r. 


Cladocbba. 










Holopedium ffibberuMf Zaddach, - 


0. 


c. 





ab. 


Sida crystailinay Muller, 





r. 








* Daphnia (t) longispiiuiy Leydig, var. 
aquiliTiay 


c. 


c. 


f. 


f. 










f. 


Bythotrephei longimanusy Leydig, - 


fr. 





f. 


Leptodora hyalinay Lillj. 


fr. 





' 



It will be observed that the Daphnia was the only species which was 
obtained in all the four gatherings. Bytlwtrephes was observed in the 
September and June gatherings, but not in the others, and Leptodora 
occurred only in the September gatherings. It may be also noted that 
Infusoria (Ceratium, etc.) and micro-alg® were much less frequent in the 
June gatherings collected by the fine net than in those collected during 
the other months. 

27ie Shoi-e Fauna Collected by the Hand-Net. 

Forty-two species of Crustacea were obtained in the gatherings collected 
by hand-net round the shores of Loch Arklet. They all belong to the 
Entomostraca, and comprise fourteen species of Copepoda, seven 
species of Ostracoda, and twenty-one species of Cladocera. A few 
comparatively rare forms — such as Cydops macrurtis, Canthocamptus 
inomatuSy Harporhynchus falcatus, Acantlioleberis curvirostris — were 
observed in these gatherings ; but such rare forms will be more particularly 
referred to under " Notes on the Species." The following are the names 
of all the species of Entomostraca observed in the gatherings collected 
round the shores of the loch. 

* Males and ephippial fema.es of this Daphnia were frequent in the November 

gathering. 
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Table containing thb Names of all the Entomostraca obsbbved in 
THE Hand-Net Gatherings. 

The abbreviations are the same as in preyious Tables. 



Names of the Species. 


Dates. 


1897. 


1898. 


Sept. 9. 


Nov. 26. 


March 15. 


June 27. 


COPEPODA. 










Cyclops Irisftoms^ G. 0. Sars, 





r. 


f. 





,, tnn'dis (Jurine), 





r. 


r. 





„ albldus (J urine), 
„ fuMais (Jurine), 





r. 








f. 











,, semifatHSy Fischer, - 


f. 


r. 


r. 





„ nuicntruttf G. 0. Sars, 


f. 











,, fiinbriatv9y Fischer, - 


f. 





• 





CantAocamptus sUiphyfuius (Jurine), 





r. 








,, mimttuSj Claus., - 








r. 





„ inomatu*^ T. Scott, 





r. 








AMi^iiella craua (G. 0. Sars), 


f. 


r. 


fr. 


f. 


,*, pyqviaa (G. 0. Sars), - 
,, zschoHei (Schmeil), 


f. 





fr. 


f. 





r. 








Mot-aria anderson-rniithi^ T. & A. Scott, 


f. 





f. 


r. 


OSTRACJODA. 










Cypria ophiAahiica{Juniie)f 
Oyclocypris seroia (Koch), - 


f. 




f. 



f. 



f. 
f. 


,, laris (Miiller), - 


r. 


f. 


(?)r. 





„ globosa (G. 0. Sars), - 





r. 


r. 





Candana caiidida (Miiller), - 


f. 


fr. 


f. 





„ tingsleiij B. and R., 


f. 


f. 


f. 


f. 


„ hyaiinaj B. and R., 





f. 








Cladockra. 










Sida cryitallina (MnWer), - 


r. 








f. 


Bosmina hngirostris (Miiller), 


f. 





r. 







f. 


r. 








A cantholeberis cunnrostris ( M iiller). 


f. 


f. 





f. 


Jlyoeryptui sordidits (Lievin), 


f. 











JSurycercus iamef lotus (Muller), - 


f. 


r. 





f. 


Acropents harpie (Baii-d), - 


f. 








f. 


Alonoptis elongaliUy G. 0. Sars, - 


f. 


f. 





f. 


GraploMffris testudiTiaHa (Fischer), 


f. 


r. 








Alona interm^ia, G. 0. Ban, 


f. 


r. 








„ rustica, T. Scott, 


f. 


r. 


f. 


f. 


„ quUata, G. 0. Sars, - 
^/onW/a nana (Baird), 


f. 











f. 











,, exiffua (Lilljeborg), 
Peracantha tntncata (Miiller), 


f. 
f. 


r. 








fr. 


Harporhynchus falcatusy G. 0. Sars, - 


f. 








r. 


Chydorus spharicus (Miiller), 


f. 


r. 


f. 


fr. 


„ barbatus (G. S. Brady), 


f. 


f. 


r. 





„ (t) lotus, G. 0. Sars, - 








r. 





,, ccelatusj Schoedler, 


f. 


r. 





f. 


Polyphemus pedUuluSy (Linn.), - 


f. 








f. 



The annexed formula will show, for comparison, the number of species 
belonging to each of the three groups represented in the Table, that wert 
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found in each of tbe four gatherings. The following abbreviations are 
used in this formula : — Co., Copepoda; Os., Ostracoda; and CI., Cladocera. 



Date, .... 1 9th Sept. 1897. 


26th Nov 


1897. 


15th Mar. 1898. 


27th June 1898. 


1 

i The grcups represented, Co. Os. CI. 

j ■ 


' Co. Os. 


CI. 


Co. Os. CI. 


Co. Os. CI. 


i 

No. of Species belonging ' 

to each group, • - 7 4 20 


8 6 


11 


7 5 5 


3 3 11 


Total No. of Species in 

each gathering, - 31 


25 




17 


17 



The differences in tbe numbers of the species belonging to each of the 
groups, as brought out in the formula, may partly be accounted for by 
the difference in the time of the year when the gatherings were collected. 
Some of the species are probably more local than others in their distribu- 
tion, even in the same loch ; and as exactly the same parts of the shore may 
not have been examined on each of the four visits, this also may to some 
extent account for the differences referred to. It may also be stated that 
very feA\ molluscs were observed in any of the gatherings collected here. 

(3) Loch Katrine. 

According to the reduced Ordnance Survey map, Loch Katrine is 
about eight miles in length, and has an average width of about three- 
quarters of a mile ; and if a line be drawn from Trossachs pier at the 
lower end to the upper end where the stream that flows down Glen Gyle 
enters the loch, it will be found to stretch in a direction nearly W.N.W. 
I W. The loch has a somewhat serpentine form, so that, while the upper 
half curves slightly to the south of the line I have indicated, the lower 
half bends nearly as much to the north. Moreover, if a line such as that 
suggested be drawn between the two ends of the loch, it will be found 
that the point where it touches the north shore is almost midway 
between the upper and lower ends. The normal level of Loch Katrine, 
as stated on the map, is three hundred and sixty-four feet above the sea, 
or about one hundred feet below the level of Loch Arklet ; even the 
bottom of Loch Arklet at tbe deepest part is nearly forty feet 
above the surface of Loch Katrine. Loch Katrine is very deep in 
some parts ; it would appear from the latest soundings that in Scotland 
the only lochs that exceed it in depth are Loch Morar, Loch Ness, and 
Loch Lomond. 

Loch Katrine was tow-netted at both the upper and lower ends during 
September and November 1897, and March and June 1898. The 
steamer that plys on Loch Katrine in connection with the summer traffic 
is aid up during the winter and early spring months, and thus it is not 
so convenient in the winter season to get to or from the upper end. But 
on the two occasions when I visited the loch in November and March, 
Mr. Dunsmure whose kindness I have already alluded to, sent his yacht 
to Stronachlacher and conveyed me thence down the loch to the 
Trossachs pier. 
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Temperature and other Physical Ohser^vations. 

^Temperature observations at both the upper and lower ends of Loch 
Katrine were made on 9th and 10th September and 26th November 1897, 
and on 16th March and 27th and 28th June 1898. The readings 
obtained and the other records connected therewith are entered in the 
annexed Table. 



Table showing Temperatures, &c. 



Position. 


Ihit^. Hour. 


' Temperature. 
Water. 


Wind 




Surface Movement 
of Water. 




Weather. 






Air ' 


Direction. 


Force. 










Surf. 


1 
5Fms. lOFms 


1 




1897. 
Sept !» 1 p.m. 


\Degs. 


Degs.Degg, Degt. 
57-4 54-8 [ 53-3 


Variable. 


Light. Fine; mild. 


Smooth. 


Upper end, 

olt" Stronach- 

lacher. 


Nov. 26 2 p.m. 
1898. 
Mar. 16 10 a.m. 


46-7 


46-8 47 I 47 
41 41-3 1 41-7 


Westerly, j. Squally. Showery. 
Westerly. Squally. Very sh'wry. 


Moderate. 
Kough at times. 




Jnne 27 2 p.m. 


62-9 580 ' 550 485 

: 1 


Easterly. ' Light. Dull; warm. 

1 


Slight ripple. 


Lower cud, 
vicinity of 
EUeus Isle. 


1897. 
Sept. 10 10 a.m. 

Nov. 26, 4 p.m. 

1898. 
Mar. 16| 3 p.m. 


' .. ' 560 500 490 

46 8 47 47-0 

j .. ! 41-6 420 421 


Variable.- Light. Fine; slight 

1 frost. 
Westerly. Squally. Showery. 

Weaterly. Squally. ' Very sh'wry. 


Smooth. 
Moderate. 
Somewhat rough. 




June 29. 1 .m. 


1 62-9 58-4 j 56-0 47-7 


N. Westerly. Light. Cloudy; fine. 


Slight ripple. 



The temperature observations as shown in this Table exhibit in some of 
their aspects a close resemblance to those of Loch Lomond. If^ for 
example, the readings for the upper end of Loch Katrine, where the 
water is moderately deep, and not so likely to be influenced by temporary 
changes as shallow water, be compared with those for the upper end of 
Loch Lomond it will be found that though the readings for Loch Katrine 
are lower, the difference between the surface temperature and the 
temperature at ten fathoms is, taking all the four readings, nearly the 
same for both lochs. This is more clearly brought out by placing the two 
aeries of differences side by side, thus : — 



Loch Lomoud- 


—Upper End. 


Loch Katrine — Upper End. 


Difforence l>etween the Temperuture at 
the surface and at ten fathoms on 


Difference between the Temperature at 
the surface and at ten fathoms on 


August 26, 1897, 


1 Degrees. 
0-1 


September 9, 1897, 


Degrees. 
4 1 


November 25, 1897, 


00 


November 26, 1897, - 


0-2 


March 3, 1898, - 


0-4 


March 16, 1898, - 


0-6 


June 29, 1998, - 


10-8 


June 27, 1898, - 


10-7 



In the first of the above series. Loch Katrine shows a difference of one 
degree less than Loch Lomond, but it will be observed that the date of 
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the Loch Katrine reading is nearly a fortnight later than that of the 
other, which may account for at least part of this discrepancy. With the 
exception of the first reading, however, the variation of temperature in the 
two lochs is seen to be fairly uniform. 

Pelagic Entornostraca Captured by tlie Tow-Nets, 

Entomostraca and other invertebrates were scarcer in Loch Katrine 
than in any of the other lochs examined. The following Table contains a 
list of all the species captured by the tow-nets at both the upper and 
lower ends of the loch. The abbreviations used are the same as in the 
other Tables. 





1897. 


- 


1898. 




^ 


^ 


^ 


^ 


^ 


^ 


^ 


^ 


Names of the Species. 


|g 


lo^ 


1^ 


1^ 






73 . 
§?5 


Iji 




1^ 

1^ 






t^ 


11 


it 


►2^ 




COPEPODA. 


















Diapiomits hircvs, 

















f. 








G. S. Brady, 


^ 
















„ gracilis^ - 





r. 


f. 


r. 


f. 


fr. 


01 


c. 


G. 0. Sars, 


















Cyclop* tirtnmu^Y'ysx^QT^ - 


r. 


f. 


r. 


r. 








r. 


fr. 


,, viridis (J urine), • 


r. 























,, a/6irfiM (Jurine), - 


f. 























„ /m6na/««, Fischer, 

















r. 








Attheydla crasm. 

















r. 








(G. 0. Sars), 


















Cladoceba." 


















Stda crystalHna {UnMer,) - 


r. 




















r. 


Bosmina longUpinay • 


c. 


f. 


f. 


r. 


r. 


r. 


c. 


fr. 


Leydig, 


















Dapknia fakata, 





f. 


f. 


f. 





f. 





c. 


G. 0. Sars, 


















Eurycercvs lameUatus, 


f. 


0. 




















(MiUler), 


















Polypkemui pediculuSy 


f. 

















f. 


fr. 


(Lin.), 


















Bythotrephu lonffimanvSy - 


f. 


c. 


r. 


r. 


r. 





fr. 


c. 


Leydig, 


















Leptodora hyaiina, - 


r. 


f. 














fr. 





Lilljeborg, 



















Diaptomua hircus was only obtained once during all the four visits, and 
it was captured with the fine tow-net. Diaptomus gracilis was, as on 
previous occasions, usually more frequent in the gatherings collected with 
the fine tow-net, but Bythotrephes and Leptodora were more plentiful in 
the coarser net; Leptodora was entirely absent from the gatherings 
collected during the colder months. AWieyella and one or two of the 
Cyclops, as well as Sida and Eurycercus, were probably captured near the 
shore or by the net having been dragged through some aquatic plants. 
The largest gathering was that collected at the upper end of the loch in 
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June; Daphnia and Bythotrephes were moderately common in the 
gathering collected at this time with the coarser net, while Biaptomus 
gracilis was common in that collected with the fine net. Cyclops strenuus 
and Polyphemus appeared to be more frequent in the upper part of the 
loch, and Bosmina and Leptodora in the lower part, as shown by the 
Table. 

It may also be mentioned that Infusoria and diatoms were fairly 
common in the gathering collected with the coarser tow-net at the upper 
end of the loch in June, as well as in the fine tow-net. This shows that 
the coarser tow-net, though more open than the other, was yet fine enough 
to capture these minute organisms, and therefore the cause of its being 
leas efficient in the capture of Diaptomus than the fine net, is the more 
perplexing. 

The Shore Fauna Collected by Hand-Net. 

The sides of Loch Katrine do not generally present conditions very 
favourable to shore-dwellers. An examination of the shore about 
Stronachlacher yielded scarcely anything that differed from the tow-net 
captures. The following are the species obtained after a careful examina- 
tion of a considerable portion of the shore at this place : — Copepoda — 
Cyclops serrulatus, very few. Cladocera — Bosmina longirostris^ Eury- 
cercus lamellatus, Acropenisharpx, Alonopsis elongatus^ Alona affinis, and 
Chydorus spJicericuSy all of which were scarce. 

At the lower end of Loch Katrine the shore between the Trossachs 
pier and Ellen's Isle was examined, and yielded much better results than 
the shore at the upper end. This pert of the loch was therefore examined 
on each of the four occasions when the loch was visited, and a list of the 
species observed in the four gatherings collected here is contained in the 
annexed Table. 



Digitized by 



[Table. 

Google 



150 



Part HI. — Scveiiieenth Annual Report 



Ta^le containing the Names of Crustacea observed in the Hand- 
Net Gatherings collected at the Lower End of Loch KIatrine. 

Abbreviations as before. 



Names of the Species. 



Amphipoda. 
thimmarus pulac {VQiin.)j 

COPBPODA. 

Diaptonius gracUis^ C4. 0. Sars, - 
Cyclops strenv us, Y\scYiQT^ 
(fyclops mridis (J urine), 

,, rem<ilis^ Fischer, 

,, bk'uspicUitm, Claua, - 

,, fttscus (Jurine), 

,, af bid Kit (Jurine), 

,, Sfrndatugj Fischer, - 

,, jimhriatuSj Fischer, - 
Cant/iocampittg staphyllnvx (Jurine), 
,, ui(»'natKg, T. Scott, 

,, miiiHtus^ Claus, 

AWi^yella cra*3a (G. 0. Sars), 

>5 py^ft'f^va (G. 0. Sarn), - 
Moraria anafrson-sniithij T. &A. Scott, 

OSTRACODA. 

Cypria ophthahnica (Jurine), 
CydocyprU serena (Koch), - 

,, fatis (Miiller), - 

,, yloJxmi (G. 0. Sars), 

Candona Candida (Miiller), - 

,, Kingsleii. B. and R., 

,, hyatinUf B. and R., 

Cladocera. 

Daphnia galeuta, G. 0. Sars, 
BosiHt'na longirostrin (Miiller), 
Eurycercus famef/afuK (Miiller), 
Acroperus fiarpof, Baird, 
Alonopsis eionr/ata, (J. 0. Sars, 
Alonaaffinis (Ley dig), 

,, (j^vadrangidaris (Miiller), - 
,, (H(ernifdia, G. O. Sars, 
,, gut'ttata, G. 0. Sars, . 
yl /©)<«//« «««a (Baird), 

,, exigva, G. 0. Sars, 
Pleuroxvs trigoncUus (Miiller), 
Peracantha truncata (Miiller), 
JIarporhynchus falccUus, G. 0. Sars, 
Chydortis gphtt^ncus (Miiller), 
,, barlKitus (Brady), - 
,, coelatus, Schoedler. 



Dates. 



1897. 



Sept. 10. Nov. 27. 



March 16. 



1898. 

June 28. 












f. 





f. 





f. 


f. 








r. 




f. 







f. 
f. 
f. 



f. 
f. 
f. 
f. 



f. 


fr. 
r. 
f. 
fr. 

fr. 



fr. 
f. 

f. 
fr. 
f. 
r. 







f. 




fr. 
f. 
f. 
fr. 
f. 



fr. 

f. 
fr. 
f. 

r. 



r. 






r. 





f. 





f. 

f. 
f. 
f. 
f. 


r. 
r. 
r. 

r. 
r. 
f. 
r. 




Forty species of Crustacea were obtained in the gatherings collected by 
hand-net at the lower end of Loch Katrine. They comprised one species 
of the Amphipoda, fifteen species of Copepoda, seven species of Ostra- 
coda, and seventeen species of Cladocera. There were also one or two 
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species of Mollusca, i.e., Plsidium and Limnma, but they were very 
scarce. The Crustacea were also individually scarce, though a considerable 
variety of them were obtained. The total number of the species of 
Eutoniostraca observed in each gathering, and also the number belonging 
to each of the three groups represented, are shown in the annexed 
formula: — Co., Copepoda; Os., Ostracoda; CI., Cladocera. 



Date, .... ' 10th Sept. 1897. 


27th Nov. 1897. 


16th Mar. 189S. 28th June 1898. 


1 ' i 

Groups represented, - Co. Os. CI. Co. Os. CI. 

1 


( 
Co. Os. CI. 1 Co. Os. CI. 


Number of Species in 

each group, - - 9 11 

i 


10 6 5 


7 f> 3 6 12 


' Total Number in each 

gathering, - - 20 


21 


15 18 



The number of species of Cladocera is considerably larger in the 
gatherings collected in September and June than in those collected during 
the colder months ; but as regards the Copepoda the reverse of this is 
observed, though the difference is not so great. A somewhat similar 
difference is observed in the gatherings collected in Loch Arklet. 

(4) Loch Achray. 

The normal level of Loch Achray is stated to be two hundred and 
seventy-six feet above the sea, or eighty-eight feet lower than the level of 
Loch Katrine.* It appears to be nearly of the same size as Loch Arklet, 
but it differs considerably not only in its elevation, but also in its sur- 
roundings. It has been remarked that Loch Achray appears to be merely 
an expansion of the River Teith ; and it is also probable that, at a com- 
paratively recent period, it was smaller in size and stood at a lower level 
than at present. If any good map of the district be examined, it will be 
observed that at a short distance from the enst end of the loch the River 
Teith is joined by the Finglass — a stream which takes its rise ten or twelve 
miles to the northward, and which, flowing down Glen Finglass, drains a 
considerable portion of the neighbouring uplands. This stream debouches 
from Glen Finglass almost at right angles to the bed of the Teith, and 
where it enters that river it makes a slight bend to the west. Between 
this point and the east end of Loch Achray the Teith has very little of a fall ; 
and thus it happens that when the Finglass, swollen by heavy mountain 
rains, comes down in flood, the current of the Teith is sometimes overpowered 
and the water is forced back into Loch Achray, which, in consequence, 
rises at such times more or less above its normal level. Moreover, the 
Finglass will also, when in flood, carry down from the hills considerable 
quantities of debris — such as sand and gravel, branches, and roots of 
trees — which will no doubt have, within certain limits, tended to obstruct 
the bed of the River Teith, and thus gradually, and more or less perma- 
nently, to raise the level of the loch beyond. 

* It may also be stated that, according to the reduced Ordnance Survey m p, 
present level of Loch Vennachar is only six feet below that of Loch Achray. 
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There are parts of the shores of Loch Achray that are fringed with a 
rich growth of vegetation which might be expected to afford shelter to a 
numerous Entomostracan fauna ; but here, as in some other lochs where 
similar favourable conditions exist, it was found that the young trout 
and minnows were also cognisant of this fact, for shoals of these tiny 
marauders were observed busy at work trying to secure a share of the 
Entomostracan food sheltering amongst the aquatic vegetation. It is our 
experience, as it is the experience of others, that where these small fishes 
are plentiful the shore Entomostraca are not so numerous. 

Loch Achray, like the other lochs, was examined on four different 
occasions. The method of examination was also similar, and the follow- 
ing is a record of the results obtained. 

Temperature a7id other Physical Observations. 

The annexed Table shows the temperature and other observations as 
recorded during the four different examinations of Loch Achray. The 
observations were taken well off shore, but not so far off as to be in the 
line of the river current. 

Tablb showing Temperature and other Physical Observations. 



Date. 


Hour. 


Temperature. 


Wind. 


Weather. 


Surface Movement 
of Water. 


Air. 


Water. 


Direction. 


Force. 


Surf. 


SFras. 


lOFms 


1897. 
Sept. 10 

Nov. 27 
1898. 
Mar. 17 

June 28 


Noon. 

Noon. 
11a.m. 
12.30 pm 


Deffi. 

46-2 
49-4 
78-6 


67-0 
46-9 
40-8 
641 


Vegi. 
65-0 

46-9 
26ft. 
40-9 

M-6 


Degi. 
65*0 

460 
48-8 


Variable. 
Westerly. 
S.Westerly. 
Calm. 


Light. 

Squally. 

Squally. 

"* 


Mild ; fine. 

Hvy Bhowrs 

of rain. 
Showery. 

Fine; warm. 


Slight ripple. 
Rough. 
Rough. 
Smooth. 



When the loch was tow-netted in November, the wind, though moderate 
at first, increased so much that our boat had to be run ashore half way 
down towards the east end of the loch ; and on 17th March the weather 
was again so stormy that it was not considered advisable to proceed to the 
usual distance off shore, and on this occasion, therefore, a sounding of 
only twenty-six feet was obtained ; on the other hand, soundings of ten 
fathoms were obtained in September and November, and when the loch 
was examined in June no bottom was found at sixty-four feet. 

The temperature readings for this loch are in some respects different 
from the other lochs examined, but probably this is owing to the some- 
what different physical conditions of Loch Achray. Comparison with 
other lochs can therefore only be made within certain limits. Loch Achray 
is comparatively small and narrow, and, except in dry seasons, there is a 
moderately large current of water continually passing through it. This 
current sets up movements in the water that tend not only to equalise the 
temperature, but also to reduce it. This is partly confirmed by the 
observations contained in the Table. Loch Achray is situated not only at 
a lower level than Loch Katrine, and is largely supplied with water from 
that loch, but it is also much smaller and more sheltered; its temperature 
might therefore be expected to be at least as high as that of the loch from 
which so large a proportion of its water comes. We find, however, that 
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notwithstanding all this, its temperatnre for September, November, and 
March is really lower ; but, on the other hand, when the loch was visited 
on the 28th of June, when the weather was, and had been for some time, 
warm and dry, and the stream flowing into it from Loch Katrine had 
consequently become much reduced, so that there was less movement in the 
water to equalise the temperature, the surface temperature was found to be 
considerably higher than that of any of the lochs previously examined. 
The surface and bottom temperature of Loch Achray exhibited in Septem- 
ber a difierence of only 2 degrees Fahrenheit, whereas the difference 
between surface and bottom temperature in June was over 15 degrees. 
In November and March the water appeared to be of a nearly uniform 
temperature. The difference between the highest and lowest surface 
readings is fully 23 degrees, but there is only a difference of 9 degrees 
between the highest and lowest readings at ten fathoms. 

Pelagic JEntomostraca captured by Tow Net, 

In the following list of Entomostraca captured with the tow-nets, it will 
be observed that Holopedium, though common in the gatherings collected 
in September and June, is not represented in those collected in September 
and March — which confirms what is said under Loch Arklet as to the 
influence on this species of seasonal changes — so far, at least, as regards its 
appearance in the smaller lochs. Bythotrephes also appears to be subject 
to somewhat similar seasonal variation. Daphnia^ on the other hand, is 
apparently not so much affected by mere seasonal change. In Loch 
Achray, as in other lochs, Daphnia is one of the very few pelagic forms 
found in all the four gatherings that were collected. 

Table containing thb Nahbi op the Entomostraca CJollected in 

THE Tow-Nets. 



Names of the Species. 


Dates. 


1897. 


1898. 


Sept 10. 


Nov. 27. 


March 17. 


June 28. 


COPBPODA. 








Diaptomus ffraciltSf 0. 0. Sars, - 
Cyclops strtjimuy Fischer, - 
,, Ifuckariiy Claus, 


r.(fr.infine 

net). 

f. 




r.(fr. infino 

net). 
r.(fr.infino 

net). 



f. 




r.(fr.infine 

net). 

f. 

f. 


,, eiridis (Jurine), 


r. 


f. 








,, alhidus (Jurine), 


r. 


fr. 








Cladocbra. 










Holopedium gibber um^ 25adciach, - 


c. 








c. 


Daphnia ffoleata, G. 0. Sars, 


c. 


fr. 


f. 


c. 


Botmina lont/ispina, Ley dig, 


f. 


f. 


f. 


f. 


Eurj/cercus lamellalui {MuWer) J • 





fr. 








A ioTWptis elongatusj Q. O.SarSy • 











r. 


Bythotrephes longivianuSy Leydig, 


f. 








f. 


Leptodora hyalinay Lilljeborg, 


f. 
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Diaptomus gracilis, though scarce iii the gatherings collected with the 
coarse net, were usually frequent in those collected Math the fine net. 
BiaptomuSy Bosmina, and Daphnia were the only species that occurred 
in all the four gatherings. Cyclops viridis and alhidus, and Eurycercus 
and Alonopsis, were probably captured by the net passing over some 
shallow water or amongst aquatic plants. With the exception of 
DiaptomuSy and on one occasion of Cyclops strenuus, all the species named 
in the list were more numerously represented iu the gatherings collected 
with the coarser tow-net, and some were only captured with that net A 
few male Daphnicp were observed in the gathering collected in September. 

Shm'e and Bottom Invertebrates captured mostly hj Hand-Net, 

The following list contains the names of the species collected chiefly 
with the hand-net, and a few that were obtained by dragging the tow-net 
for a short distance over the bottom of the loch; those captured by the 
tow-net are indicated by an asterisk. 
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Table containing the Names of Invertebrates Captured chiefly 

BY Hand-Net. 



Names of the Species. 




Dates. 




1897. 


1898. 


Sept. 10. 


Nov. 27. 


March 17. 


June 28. 


MOLLUSCA. 








Pisidium pimllum^ Jenyns, 


f. 


c. 


f. 





* Planorbis cotUortn*y Linn^, - 





fr. 








* „ a/6«*, Muller, 





f. 








Limnaa jierfgra (MUller), - 


r. 


fr. 


r. 





CRUSTACEA-COPBPODA. 










Diapfomvs (fmcifis, G. 0. Sars, - 











r. 


,, \Vin-zejslrii, Richard, - 





f. 








Cyclops h!4nupidiUmy Claus, - 







r. 


f. 


,, veifiaJUf Fischer, 










r. 


,, hiMt/mtSf Rehborg, - 







f. 


f. 


„ nridu (Jurine), 


r. 




f. 





„ /i«cMj (Jurine), 


f. 







f. 


, lUhidm ( Jurine), 










r. 


,, gnrulatHSf Fischer, - 


f. 







r. 


,, /hnbriatngj Fischer, - - , 


f. 







r. 


Can(hocamptus8taphylinus [Jurine), 


f. 


f. 


fr. 


f. 


„ inamat^Uy T. Scott, 













„ minuiuSy Claus, 


f. 




f. 


f. 


AtUteyelta crasM (G. 0. Sars), 


f. 




f. 


f. 


,, pyinnmi (G. 0. Sars), - 
Moraria amUrwii-sinifhi, T. k A. Scott, 







fr. 


f. 







f. 





* „ hrevipesy G. 0. Sars, 













OSTRACODA. 










Cypn'a exsndpta (Fischer), - 
,, ophtfudmifu (Jurine), 





r. 


r. 











r. 


fr. 


Cydijcypri* la^ms {}A\i\\QT)y - 





r. 


f. 





„ Serena (Koch), - 




r. 





f. 


„ globomy G. 0. Sars, - 




r. 


fr. 


f. 


Cypris obiufuay G. S. Brady, 





r. 








*Pionocypris vidua (MUller), - 
Candona candidu (MUller), - 





f. 








r. 


r. 





f. 


,, lnng.dniy B. and R., - 


r. 


r. 








Cl.\docrra. 










St'da crystal Hna (MUller), - 


f. 











Bosmina lontjintstris (MUller), 


f. 





f. • 





*Lathonura reef irostris (MUller), - 





r. 








Drepajwthrb: dentatu (Euren), 
llyftcrypius sordidus (Lievin), 


f. 


r. 





r. 





f. 





f. 


Acroprrvn harpo'y Baird, 


f. 


f. 





f. 


Gamptocerctts reclirostris (Schoedler), 
A lonopsis elongataSy G. 0. Sars, - 





r. 








f. 


r. 





f. 


*AfotiaffidtatayG.0,^r9y - 





r. 








„ quadraiioularis (MUUer), - 

„ affinisy Leydig, .... 




f. 


f. 








r. 


„ rusticoj T. Scott, 





f. 








,, irUemiediay G. 0. Sars, 











f. 


A ione/la exigvay G. 0. Sars, 


f. 








f. 


„ wina (Baird), 





f. 





f. 


Pfeuroxvs trigoiiefhs (MUller), 
Pfracantha trinwata (MUUcr), 





r. 








f. 











Harporhynfhut Jalcalnsy G. 0. Sars, • 
*Chymrus globosMy Baird, - 


f. 





r. 






r. 



,, i/5/amcM« (MUller), 
„ barbains (Brady), - 


f. 


f. 


f. 


f. 


fr. 


f. 





r. 


„ latusy G. 0. Sars, - 








fr. 





,, calatus, Schoedler,. 











r. 


Monospilut dtspar, G. 0. Sars, 





r. 
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Loch Achray is the only loch of the present series where Diaptomus 
wierzejskii was obtained. Latlionura redirostris and the equally rare 
Monospiliis were also obtained here. Fifty species of Entomostraca and 
four of Mollusca are recorded in this Table. The Entomostraca comprise 
seventeen species of Copepoda, nine species of Ostracoda, and twenty-four 
species of Cladocera. The formula shows the number of species belonging 
to each group that were observed in each of the four gatherings. Co., 
Copepoda ; Os., Ostracoda ; CI., Cladocera. 



Dates. 


Sept. 10, 
1897. 


Nov. 27, 
1897. 


March 17, 
1898. 


June 28, 
1898. 


Names of the groups, - - . - 


Co. Os. CI. 


Co. Os. CI. 


Co. Os. CI. 


Co. Os. CI. 


Number of Species in each group, 


7, 2, 12. 


13, 8, 15. 


8, 4, 3. 


12, 4, 12. 


1 Number of Species in each gathering, 

t 


21. 


36. 15. 


28. 



The largest number of species was obtained in the November gathering, 
and the smallest in that collected in March. During my visi*^ to the loch 
in June the boatman who was assisting me drew my attention to a green 
substance which he had observed growing in several places near the north 
shore where the water was shallow. This proved to be a fresh-water 
sponge {Spongilla ftuviatilis). It appeared to be moderately common in 
some paxts of the loch. 

(5) Forfar Loch. 

Forfar Loch, which belongs to the Earl of Glamis, is situated a little 
to the west of the town of Forfar. It extends in a S.W. and N.E. 
direction, and is, according to the reduced Ordnance Survey map of 
the district, a little over a mile in length by ^bout three hundred and 
eighty or ninety yards broad at the widest part. The land on the north 
side and near the middle extends some distance out into the loch and 
forms a kind of peninsula, and the loch is here much narrower than it is 
to the east or the west of it. The elevation of the loch is about one 
hundred and seventy-one feet above the level of the sea. The overflow 
water finds an exit at the west end, and under the name of the " Dean 
Burn " makes its way in a winding course of some ten or twelve miles to 
the River Isla, which it joins a little to the north of the town of Meigle. 
The east end of Forfar Loch has become so much filled up as to be little 
better than a marsh ; a considerable portion of the shore is also fringed 
with tall reeds. The loch for the most part is shallow, but there are one 
or two places where the water is of moderate depth. Near the middle of 
the loch I obtained a depth of twenty-one feet, while some distance to the 
west of the peninsula already referred to, and comparatively near to the 
north shore, a sounding of thirty -five and a-half feet — or almost six 
fathoms — was obtained, and this was at a time when the loch was below 
its normal level. Extensive beds of marl exist in certain parts of the 
loch. A small quantity of this marl which was brought up in the tow- 
net was found to consist to a large extent of dead molluscan shells, 
ViUvata pisctncUis and Limncea peregra being specially numerous. 

Forfar Loch was examined on five different occasions — viz., in July 
and November 1897, and in March, June, and September 1898. When 
visited in July 1897 our lesearch was restricted to the shore, which was 
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examined by means of the hand-net ; but on the other four occa^ious 
when the loch was visited the usual tow-net examination was made, 
including temperature and other physical observations. I would hero 
acknowledge my indebtedness to Andrew Ralston, Esq., factor to Lord 
Glamis, who not only allowed me the use of the boat for tow-netting the 
loch, but also kindly sent one of the gamekeepers to assist me with the 
work. 

Temperature and other Physical Observations. 

The annexed Table contains a record of temperature and other 
observations made at Forfar Loch on the different occasions when the 
loch was examined by means of the tow-nets. 

Table showing Tbmperatubb and other Physical Observations. 







Temperatnre. Wind. 


Weather. 


Surface Movement 
of Water. 


Pate. Hour. 


Air. 


Water. 

1 n(raAf(/>n 


Force. 






Surf. 


Under Underi 

Surf. Surf. | 


(not. 3 
1 1S98. 

JMar. 4 

' June U 
1 Sept. Ifi 


Noon. 
U a.m. 


SHg*. 
60 
44*0 
72-2 

69-6 


Degi. 
47-5 
36-8 
62-2 
A9A 


Dem, 
2l!t. 
47-6 
85ft. 
87*0 
8&ifl. 
W*3 
80ft. 
£9 


. . ! S. E. 
.. In. byE. 
Easterly. 
. . Calm. 


Ught. 
Mod'rate 
Liglit 


Sky overcast 
Sky cloudy. 
Sky overcast 
Slight liaxo. 


SUght ripple. 
Not very rough. 
Smooth. 
Smooth. 



It will be observ^ed that when the loch was examined in March the 
temperature of the water was only about 5 degrees above freezing point. 
It will also be noticed that the difference between the surface temperatures 
in March and June was 25*4 degrees, and in March and September 22*7 
degrees ; while the difference of the under-surface temperatures for the same 
periods was 18*2 degrees and 22*0 degrees respectively. In the one case 
there is a decrease, and in the other an increase, which is simply the 
result of the surface and under-surface water having in the latter month 
become of a more uniform temperature. It may be also further remarked 
that while the temperature of the water in March is considerably below 
what it was in November, it is on each of these occasions nearly uniform 
for surface and under-surface. All these results agree very closely with 
what was observed at Loch Lomond, and are probably to be explained in 
the same way in which I have tried to account for the differences observed 
in the temperature readings obtained in that loch. 

Pelagic Entomostraca Captured by the Tow-Nets. 

The free-swimming Entomostraca in Forfar Loch appear to consist 
chiefly of three species, viz. : — Diaptomvs gracilis, G. O. Sars ; Cyclop$ 
strenuus, Fischer; and Daphnia lacustris^ G. 0. Sars. A few other 
species were captured in the tow-nets, but they were all of rare occurrence. 

Notwithstanding the great difference of 22 to 25 degrees Fahrenheit 
between the summer and winter temperature of the water referred to in 
previous remarks, the Daphnia were found to be abundant on all lour 
occasions when the loch was tow-netted, though they were apparently 
more plentiful in June and September ; a few of the males of Daphnia 
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were obfierved in both of these latter gatherings. Diaptomus was much 
more common in the gathering collected in November — especially in that 
collected with the fine net — than in any of the others. Cydopa strenuus 
was more or less frequent in all the four gatherings. The annexed Table 
contains the names of all the species captured in the tow nets. 



Table containing Names op Species and Dates when Captured 
IN Forfar Loch. 



(Ab., abundant ; c, common ; fr., 


requent ; f . 


, few; r., rare ; 0, none 


>.) 


1 




Dates. 




Names of the Spedes. 


1897. 




1898. 




1 


Nov. 3. 


March 4. 


June 16. 


Sept. 15. 


COPBPODA. 










Diaptomus gracilUy G. 0. Sara, - 
Cyclopt slrenvuSf Fischer, 
,, inridis {J urine) J 


f. (ab. in 

fine net.) 

fr. 




r. (fr. in 

tine net.) 

fr. 

r. 


f. (fr. in 
fine net.) 
f. (fr. in 
fine net.) i 



fr. 

fr. 




„ a/6w/«* (Jurine), 





r. 


' 





Ctj^docera. 










Ceriodaphnia reticulata (Jurine), - 











r. 


Simocephalvs vttulus (Mliller), 





r. 








Daphnia laeiutris, G. 0. Sars, 


ab. 


ab. 


ab. 


ab. 


Chydorm tphcericu* (Mliller), 











r. 



The gathering collected with the fine net in September contained 
numerous Ceratium, Diatoms, Desmids, Nostoc, and others. So numerous 
were these minute forms of animal and vegetable life that they made the 
water obscure, so that it had the appearance as if fine dust were held in 
suspension. These minute forms may be reported on later. 

The Ceriodaphnia were represented chiefly by females with pseudova^ 
but there were also a few ephippial females and one or two males. The 
DaphnicB consisted chiefly of females ^iiYipseudova; and besides the males 
already referred to as having been observed in the June and September 
gatherings, there were also a few ephippial females present in these 
gatherings. Very few creatures other than the Entomostraca, and the 
Infusoria and Micro-algae already mentioned, were observed in the tow-net 
collections. 

The Shore and Bottom Fauna collected chiefly with the Hand-Net, 

The Crustacea, Mollusca, etc., captured with the hand-net were fairly 
numerous and varied, and amongst them several rare forms were observed. 
These will be more particularly referred to in the sequel. 

It has been remarked that, besides the four occasions on which the loch 
was tow-netted, the shores had on a previous visit— viz., in July 1897 
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— been examined by hand-net ; and £is several interesting species were 
then obtained which did not occur in any of the subsequent gatherings, 
I have included the results of this one iu the same list with the others. 
A list of all the Mollusca and Crustacea observed during these five 
visits is therefore contained in the annexed Table, which also includes 
a few moUuscan species that were captured by allowing the tow net to 
drag for a short distance over the mud at the bottom. 

Table containing the Names of all the Species op Mollumca 
AND Crustacea. 



Names of the Species. 


Dates. 


1897. 


1 
1898. 


July 27. 


Nov. 3. 


Mar. 4. 


June 16. 


Sept 16.^ 


MOLLUSCA. 












Spkcerium c^rnfttm (Linn^), 





fr. 


f. 


fr. 


f. 


Ptsidium pusiihim (Omelin), 
,, nitidumj Jenyns, 


f. 


fr. 


r. 


f. 








fr. 





r. 





*A Hvdontii cy;fiiea, \Ax\n6, 











fr. 





Va/ixUapisciiialis, Mliller, 


f. 


c. 


f. 


fr. 


f. 


,, cristafa, Mliller, - 


f. 


fr. 





r. 


fr. 


Planorhis nitidint, Mliller, - 


f. 














,, naKtttf us [Linn4), 





r. 





f. 





,, cUbuSy Mliller, - 











f. 





,, contort us {Linn6)y 


f. 


r. 


f. 


f. 


f. 


Pkymfonti)mlis{lAnr\6\ - 





r. 


f. 


r. 


f. 


Limmm pereijra (Mliller), 


f. 


fr. 


fr. 


fr. 


fr. i 


„ f a/ M^^m (Mliller), 


f. 











; 


^ucciMa piUrtSy Linn^, 











r. 


' 


CRUSTACEA: Amphipoda. 












(iammar^is pnhx {Venn.), - 





fr. 


fr. 








COPEPODA. 












JJiantomm gracilis, G. 0. Sars, - 
Ci/ctops strennusj Fischer, - 







r. 








f. 


f. 


f. 


fr. 


f. 


,, hitciupidalas^ Claus, 


f. 














,, vemaJisj Fischer, - 







f. 








,, viridis (Jiirine), 


f. 


f. 


r. 


r. 


f. 


,, cUbidus (Jurinei, . 
., semilatMy Fischer, 


















f. 


f. 


f. 


f. 


„ fimln-iatus, Fischer, 


f. 





f. 


f. 


f. 


„ phafrmfus, G. 0. Sars, - 


f. 














CatU/tocamptus staphi/ii'nus, J urine, - 


f. 


fr. 


fr. 


r. 


f. 


,, inoniatusy T. Scott, - 


f. 











f. 


,, mhitUMj Claus, - 







f. 


r. 





AtihrtifHa dulhiei, T. and A. Scott, - 


f. 











, 


,' crasm (G. 0. Sars), - 







fr. 








pygmaa (G. 0. Sars), 
zschoH-ei (Schmeil], - 
Moraria an/fergon-gmitAiy T.&A.Scott, 








f. 




r. 






M 














,, brevipeij G. 0. Sars, 








r. 








OSTRACODA. 










1 


Ci/pria ex^nlptu (Fischer), 













' 


,, opkthaf mica {J urine), 
Cyclocyjaris serena (Koch), - 
(fyprit incongniens, Ramdohr, - 


f. 


r. 


f. 


f. 


? 












f. 



? 


,, puberaf Mliller, 


*• 


r. 


r. 


r. 




Herpetoq/pris reptans (Baird), - 


f 


r. 


r. 


f. 




,, lumefacia, B. and R., - 











f. 





* The A Modoiita was not found in the loch, but in the bod of the Dean Biu-n u short 
d istance from where it issues from the loch. 
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Table containing the Names of all the Species of Mollusca 
AND Crustacea — continued. 



Names of the Species. 


1 




Dates. 




1 


, 1897.. 


1898. 


i July 27. 

1 


Nov. 3. 


Mar. 4. 


June 16. 


Sept 15. 


08TR.VC0DA— fWi^in ued. 










I 


Jlyodromus olivacea, B. and N., 


f. 













Cypridopsis lillosa (Jurine), 


f. 





r. 







,, netctoniy B. and R., 


f. 













Ilyoci/pru biplicata (Koch), 








r. 







PotaviocyitrufHlm, G. S. Brady, 
Candoiia canaufa (Mlillor), 


1 f. 













f. 


r. 


f. 


f. 




,, lacteUy Baird, 


1 ^• 













,, Hnysleii, B. and R., - 


i f. 













,, rmtmJa^ B. and N., 


f. 













,, /«6<^/on»/« ( Fischer), - 








f. 







Li m nicy there inopindta (Baird), - 


f. 





f. 


f. 




Cladocera. 












Ceri^Klaiihnia laiicn»data, P. E. MUUer, 
Scaphohberi* mucronata (Miiller), 


f. 














f. 











r. 


*SV»«>r<7)/*«/w« iW«/*M (Muller), - 


f. 


r. 








r. 


Ikiplinia lacustrig, G. 0. Sars, - 


f. 


f. 


fr. 


c. 


f. 


lbffia'yi)tHs sorfffdttg (Lievin), - 


, 








f. 


f. 


Enrycercns lavtrUatm (Muller), - 


^• 














Le.i/ffiymoKadraui/K/aris (Ley dig), - 


' 








r. 





f. 


1 


■ 8 





r. 


,, '/mtdntnt/Kfartit (Muller), 


f. 


f. 


fc. 





,, '/uttata, G. 0. Sars, 


f. 





r. 


r. 





Phuroxtix uiidnutHS, Baird, 


f. 











fr. 


„ ti'ujou^lhm (MUUer), - 
Chyfionix sph(f^irus{MXi\\QT)y 


f. 


f. 











f. 


r. 


f. 





f. 



The accompanying formula shows the number of species belonging to 
each of the three entomostracan groups which were observed in the 
different shore gatherings. Co., Copepoda ; Os.. Ostracoda ; Ci., 
Cladocera. 



Date. 



July 27, Nov. 3, ' March 4, Juno 16, Sept. 15, 
1^97. 1 1897. I 1898. 1898. 1898. 



Names of the gToui>s 



Co. Os. CI. Co. Os. CI. Co. Oh. CI. Co. Os. CI. Co. Os. CI. 

I I I 



Number of Species in each ' 

group, - - - 17 ir» 11 4 4 h 



VI 8 3 7 8 5 6 



Number of Species in each 
gathering, 



43 



13 



23 



20 



When the loch was visited in July the weather was exceptionally 
favourable for shore-collecting, and by far the largest number of species 
in all the three groups was then obtained. The formula shows that the 
total number obtained in this gathering was forty -three, or nearly double 
the highest number observed in any of the other four gatherings. Fifty 
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species of Crustacea and fourteen of Mollusca are the total number of the 
species belonging to the two groups of organisms observed in the various 
gatherings collected. The Crustacea comprised one Amphipod, eighteen 
species of Copepoda, eighteen of Ostracoda, but only thirteen of Cladocera. 
The number of Cladocera observed in the hand-net gatherings collected at 
Forfar Loch is smaller than that observed in any of the lochs previously 
described. 

Amongst the rare species observed in this loch mention may be made 
of the following : — Canthocampttts inoniaiua was discovered for the first 
time in Rescobie Loch, near Forfar, a few years ago, and it is interesting 
to find it also in Forfar Loch. Moravia hrevipes has been observed in 
very few of the Scottish lochs. Cypria puhera and Tlyodromvs violacea 
are two Ostracods that are still considered as rare British species. 
Leydigia quadrangularis is a somewhat rare Cladoceran, which in Scotland 
has only been observed in a few places. 

(6) Loch Leven, 

Loch Leven, so well known for the excellence and beauty of its trout, 
and which is now more frequented by anglers than any other loch in 
Scotland, is one of the series of lochs that have recently been examined. 

An investigation was also matie of this loch in June 1890, and the results 
were fully described in a paper published in Part III. of the Ninth 
Annual Report of the Fishery Board for Scotland (1891). In this paper 
reference is made to some interesting statistics bearing on various matters 
connected with the Loch Leven fishery, to which the attention of the reader 
is directed. The present area of the loch, as stated in the previous paper, 
is about 3406 acres, or 1232 acres less than it was previous to 1845. The 
greatest length of the loch, measuring in a straight line from a point a 
little east of the Sluices to the head of the bay called Burleigh Sands, is 
slightly under three and three-quarter miles, while its greatest width 
appears to be nearly two and a quarter miles. It somewhat resembles a 
triangle in general outline, the eastern extremity, where the River Leven 
that drains the loch takes its rise, being the apex, and the end next 
Kinross the base. The height of Loch Leven above the sea is about three 
hundred and fifty-three feet; it is comparatively a shallow loch, but in the 
vicinity of St. Serf's Island — ofi*the south and south-west shores — depths of 
seventy and eighty feet are met with. It is also moderately deep a little 
to the north and north-east of Scart Island. A considerable portion of 
the bottom of Loch Leven, especially towards the north side, is composed 
of sand, but in the deeper parts the bottom is muddy. At the west end 
of the loch the American weed, Elodea canadeTisiay is causing a great 
amount of trouble by its rapid and persistent growth. All the means 
hitherto tried for the purpose of destroying the weed are found to be only 
of temporary benefit, and it is very disheartening to those interested in 
the prosperity of the loch to find that in order to keep it clear of the 
weed the same laborious work has to be done over and over again. 

I must express my great indebtedness to Mr. White, the manager of 
the Loch Leven Fishery, for the kindly and ungrudging way in which he 
placed a boat at my service on all the four occasions when I visited the 
loch. 

Temperature and otlier Physiral Observations. 

Loch Leven was visited in September and December 1897, and in 
March and June 1898, and the following Table contains the temperatorei 
recorded for these dates. 
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Table containing Tbmpbkaturb Observations. 





Hour. 


Tempc 


raturc. 
Water. 


- 


Wind. 


Weather. 




Bate. 


Air. 




Direction. 




Surface MoTe- 
ment of Water. 


1 


;Surf. 


Under 
Surf. 


Under 
Surf. 


Force. 




i 1897. 
'Sept. 8 

Dec. 16 

1898. 
March 8 

Jane IS 


Noon. 


Degi. 

46-5 
420 
56-0 


Dtfjs. 
5T7 
36-8 
860 
57-7 


Dm- 
18 feet 

67-6 
18 feet 

36-5 
50 feet 

86-2 
80 feet 

55-3 


Degg. 

60 feel 
54 


W.N.W. 
South. 
North. 
S.E. 


Light 
Moderate. 
Moderate. 
Light. 


Sky cloudy. 
Sky cloudy. 
Sky clondy. 
SkyovcrcaKf. 


Slight ripple. 
Moderate ripple. 
Moderate ripple. 
Slight ripple. 



The temperature in December and March is nearly uniform, not only 
as regards the surface and bottom temperatures for the same month, but 
also for both months. The surface and bottom temperatures are also 
nearly uniform in September, while in June the surface temperature, 
which is similar to that for September, is fully two degrees higher than 
the temperature at five fathoms. This variation, it may be remarked, 
agrees more or less with what has been obsei*ved in the examination of the 
other lochs, and shows that it is not till August or September that the 
summer heat is able to penetrate to any consideirable depth. The highest 
and lowest surface temperatures obtained show a difference of 21*7 degrees 
Fahr.; the under-surface diflference is nearly the same, viz. — 21*4 
degrees Fahr. 

Pelrtgic Entamostraca Captured in the I'mo-Nets. 

Free-swimming Entomostraca, though very abundant in Loch Leven, 
consisted mainly of the one species, JJaphnia lacustris, G. 0. Sars. 
Leptodora hyalina was moderately common in the September gathering, 
but it was not observed in any of the other three. Diaptomvs (fracHis 
was frequent in the gathering collected in December, but was scarce in the 
otheie. Bytlwtreplies longimanusy though present in both the September 
and June gatherings, was not observed in those collected in December and 
March The names of the species and their distribution are shown in 
the Table annexed. 



[Table. 
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Table containing the Names op the Entomostraca Captured in 

THE Tow-Nets. 



Names of the Species. 


Dates. 


1897. 


1898. 


Sept. 3. 


Dec. 16. 


March 3. 


June 13. 


COPEPODA. 










Diaptomus gmcilis, G. 0. San», - 


f. 


fr. 


f. 


f. 


Cyclops strenntfs, Fischer, - 


f. 


f. 


f. 


f. 


Claik>cbra. 










Dapknia lacuMriSy G. 0. Sars, 


very ab. 


ab. 


ab. 


very ab. 


Bytkotrephes hngimamis, Ley dig, 


f. 








r. 


LepUjfiora kyafina, Lilljeborg, 


c. ' 









A few male Vaphnice were observed in the December gathering, but in 
none of the others; females with pseudova were frequent in all the 
gatherings. When the loch was examined in June 1890 both Daphnella 
hruchyura and Polyphemus pediculits were observed in the tow-net 
gatherings, but neither of these species was obtained in any of the 
gatherings recently collected. Infusoria >nd micro-alg«, which were 
moderately frequent on the first three occasions when the loch was 
examined, were quite abundant in the loch in June; but these minute 
forms did not appear to be generally diffused. They rather seemed to 
occur in shoals; they were particularly plentiful to the south of the little 
island called " Eeed Bower." The appearance of the water was somewhat 
similar to that which was observed at Forfar Loch in September, and at 
Loch Doon in July. 

77te Shore and Bottom Fauna Collected by Hand-Net, 

The examination of the shore yielded, as in the case of the other lochs 
examined, a much greater number of species than were captured by the 
tow-nets, but individuals were not nearly so numerous. 
I I Fifty-five species of Crustacea were obtained in the shore gatherings 
collected during the recent experiments. The records of species obtained 
when the loch was examined in 1890 include some five or six that were 
not observed in the recent gatherings, and if these and the species cap- 
tured with the tow-nets be added, they increase the number of crustacean 
species to sixty-five ; and it is quite probable that even this number will 
yet be added to when the loch comes to be more thoroughly examined. 

The species recently captured include one Amphipod {Oamm^arus 
pulex)y and eighteen of each of the three following groups : — The Cope- 
poda, the Ostracoda, and the Cladocera. The largest number of species 
of Crustacea obtained in any of the recent shore gatherings from Loch 
Leven was in that collected on 30th June. This gathering yielded thirty- 
eight species, or only four less than the total number observed in the 
tow-net and hand-net gatherings collected in June 1890. The names of 
all the species observed in the shore gatherings recently collected are 
contained in the following list ; those collected in 1890 are also added for 
comparison with the more recent gatherings. 
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Table containing the IS'ambs of Crustacea from Loch Lbven, 
collected chiefly round the shores. 



Names of the Species. 






Dates. 








1890. 


1897. 


1898. 




June. 


Sept. 3. 


Dec. 16. 


Mar. 3. 


June 13. 




Amphipoda. 














Gammarus pulex HAnn6)^ - 


fr. 











f. 


COPEPODA. 










1 
1 


I>ia}Hamus tjracilu^ G. 0. Sars, - 


fr. 





r. 





r. 




Cyclops glrenuui, Fischer, - 


f. 





f. 










,, biaispidatus, Clau8, 







r. 





r. 




„ vtmaluy Fischer, - 










f. 







„ bUeiosuSy R«hberg. 







r. 


f. 







„ viridis (Jurine). - 
,, aibidus (Jurine), - 







r. 


f. 


f. 







t 


f. 


8 


f. 




,, serru/atus, Fischer, 


fr. 




f. 


f. 




,, maaurus, G. 0. Sars, - 













r. 




,, jimJbrialviy Fischer, 












f. 


Canthoc'amptm staphylinm (Jurine), - 


fr. 




fr. 


f. 


f. 


,, miniUiLg, Glaus, - 






fr. 


f. 


f. 




,, schmeilii, Mr^ek, 












f. 




Attheyella crasm (G. 0. Sars), - 


fr. 










f. 




,', pi/qmmi (G. 0. Sars), - 

„ dnthiei, T. and A. Scott, - 







fr. 


f 


I 




f. 










f. 


,, zschokkei (SchmeilJ, - 
1 Morarixi atulerson-sm itki, T. k A. Scott, 














r. 








fr. 


f. 





OSTRACODA. 














Cypria ophthalmka (Jurine), 


c. 


f. 


fr. 


r. 


f- 




,, exxulpta (Fischer), 


f. 
















Cyclocypris Icevis (MUller), 








f. 


r. 







,, seram (Koch), - 


c. 


f. 


fr. 





fr. 




Cypris fuscata (Jurine), 
,, riVtfrw (Jurine), 








r. 


r. 


r. 













r. 







Herpetoqipris rfptans (Baird), 


fr. 





r. 





f. 




,, tumefacta, B. and H., - 


f. 








r. 


fr. 




,, ^/n>a/a (MUller), - 


r. 








r. 







CyprldopfU vUhmt (Jurine), 
Piomtcyprh vidua (MUller), 


f. 


f. 


r. 


r. 







fr. 


f. 


f. 





r. 


PotamocyprUftiha (Brady). 
Citndona Candida (MUller), 


fr. 











r. 


fr. 


f. 


f. 


f. 


r. 


,, Icucteay Baird, 


fr. 














,, (?) compr€*8a (Koch), - 
,, luiffsfeiij B. and R., - 


fr. 





f. 


r. 


r. 1 


f. 








f. 





llyocy^m* biplicata (Koch), 


r. 














Ltmnicythfre inopinala (Baird), 


f. 


f. 








f. 


,, sancti-jHilriciiy B. and R., 


f. 


f. 








' 


Cythrrid^a lacuMri^, G. 0. Sars, 


f. 








r. 





Cladoukra. 












Sida crystaUimi (MUller), - 














r. 


SimocephKiIvs reUihis (MUller), - 








f. 








Daphnia hicmtris, G. 0. Sars, - 


c. 





f. 





i'' 


Boftnina longirontris (MUller), - 


f. 











S 


1 ,, (?) hnnispina, Ley dig, 
1 Jfyacryptus mrdiilus (Lievin), - 


c. 
r. 


?. 














Enryccrcua lameUatui {UWWqt), ' 


f. 





r. 





r. 


Acnqifrus harpcfy Baird, - 


fr. 


f. 


r. 





f. 


Alonopsis eloru/ahfit, 0. 0. Ham, 


f. 


f. 








f. 


Ahua ffuttata, Q. 0. H&rs, 





f. 


r. 





r. 


„ ajinijt, Leydig, 





f. 








fr. 


,, uuadranijularis (MUller), 
AUni^lta exiyua iL\\\\QhoT^), 
,, vana (Baird). 


c. 
fr. 
f. 


f. 

f. 




r. 









f. 

fr. 

f. 


1 Phuntntg trif/on€f/((s (AlUIler), - 
1 ,, uiicincUus, Baird, 


c. 
f. 


f. 
f. 











f. 


Chydoras tph<en'cus (MUller), 
' „ barbatiu (Brady), 


c. 


f. 


r. 


fr. 


f. 





f. 













,, (?) mrffis, Kurz, 














f. 




Monospilus dispar, G. 0. Sars, - 

1 


f. 


f. 


r. 





r. 


(> 








i-yiyiLi^ 




OOQi 
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The number of species belonging to each of the three groups of 
Entomostraca represented in the Table will be more clearly understood 
when arranged as in the annexed formula, where Co., = Copepoda, 
Os., = Ostracoda, and CI., = Cladocera. 



Dates. 


June, 
1890. 


"%'' 


Dec. 16, 
1897. 


March 3, 
1898. 


June 13, 
1898. . 


Names of the Groups, 


Ck). Os. CI. 


Ck). Os. CI. 


Co. Os. CI. 


Co. Os. CI. 


Co. Os. CI. 


Number of Species in each 
Group, 


9 17 16 


10 7 14 


11 9 8 


7 10 1 


14 10 14 


Total Number in each 
gathering, 


42 j 31 


28 


18 


38 



The Cladocera, as a whole, were scarcer in those gatherings collected in 
the colder months than in the others. It may also be stated that in 
March the level of the water was much higher than duriug any of the 
other visits, and this no doubt accounted, partly at least, for the great 
scarcity of Cladocera in the gathering collected at that time ; the reduced 
temperature incidental to the season may also have had some influence in 
bringing about this result. 



(7) Duddingston Loch. 



Duddingston Loch, situated on the south side of Arthur's Seat and 
immediately south-west of the village of Duddingston, is of small dimen- 
sions, being a little over five hundred and fifty yards in length by about 
two hundred and forty yards in breadth at the widest part. Its elevation 
above the sea is about one hundred and fifty feet. The loch is shallow, 
and therefore its temperature is more readily influenced by the changes 
incidental to the different seasons; it is quite a common experience 
to find that in winter its surface has been transformed into a thick sheet 
of ice, while in summer the water may be so warm as to be almost tepid. 
Such extreme variations in the temperature of the water are here of yearly 
occurrence, and appear to be the rule rather than the exception, and it 
was thought that it would be of interest to ascertain what was the 
eflfect of such extreme variations of temperature on the invertebrate fauna 
of the loch, as well as upon the micro-algaB. 

The loch was examined by tow-net on four different occasions — viz., 
on 15th December 1897, and on 2nd March, 15th June, and 16th 
September 1898. Two other attempts were made to tow-net the loch, 
but these failed. One of the failures was due to the surface of the water 
having become frozen over duriug the previous night; on the second 
occasion the observations could not be made owing to stormy weather. 

In addition to the four visits which I have referred to, a portion of the 
shore of the loch was also examined on the Ist of September 1897, the 
results of which are incorporated with those obtained in connection with 
the other visits, so far as they relate to the shore fauna. 
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Temperature and oilier Physical Observations, 

The following Table shows the temperature readings recorded on the 
four occasions when the loch was tow-netted : — 



Date. 


Hoot. 


Temperature. 


Wind. 


Weather. 


Surface Morement 
of Water. 


Air. 


Water. 


Direction. 


Force. 


Surf. 6JFt 


— Ft 


1897. 
Dec. 16 

1898. 
Mar. 2 

June \h 

Sept 16 


11 a.in. 
Noon. 


Deg$. 
48-2 
45-0 
621 
78-0 


Degs. 
85-7 
860 
620 
61*0 


Degt. 
36-0 
86-0 
620 
f-QA 


Degt. 


Southerly. 
8. Westerly. 
Basterly. 
Westerly. 


Ught Dull; show- 
ery. 
S'm'wh't Sky clear, 
squally. 

Ught Slight haze. 

Light Sky clear. 


SUght ripple. 
Moderate. 
Slight ripple. 
Slight ripple. 



The difference between the highest and lowest surface temperature is 
26*3 degrees Fahrenheit. The surface and bottom temperatures were also 
nearly uniform on each of the four visits, and the readings for December 
and March were practically the same, while those for June and September 
differ at most only 1*6 degree. It will also be observed that it is the 
September readings that are the lowest of these two, and that notwith- 
standing the much higher temperature of the air. 

Pelagic Entomostraca Captwred by the Toto-Nets, 

As might have been expected, the tow-net gatherings collected in 
Duddingston Loch yielded a somewhat greater number of Entomostracan 
species than was observed in some of the other lochs examined. This 
loch being shallow, plants growing on the bottom are able to send their 
leaves and stems well up towards and even above the surface of the 
water, and afford shelter and foothold to many species that do not usually 
adopt a free-swimming life — like Daphnia and one or two other form?. 
In towing the nets through the water it was scarcely possible to avoid at 
times coming in contact with those plants and capturing some of the 
organisms that might be clinging to them : hence the greater variety of 
forms observed in these gatherings. The following Table contains the 
names of the various species of Crustacea observed in the tow-net 
gatherings collected in Duddiugston Loch. 
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Names of the Species. 



Dates. 



1897. 



Doc. 15. 



ISOPODA. 

A tellus aquaticuMy (Linn.) 

COPBPODA. 

Diapicmus gradlisy G. 0. Sarn, 
Cyclops gtren,uu9y Fischer, - 
,, viridU (Jurine), 
,, albidns (Jurine), 
,, serrulalvsy Fischer, - 
AUheyella pyffm<m {Q. 0. Hars)y - 

OSTRACODA. 

CyclocyprU terena (Koch), - 
CyprU puheraj MUller, 
HerpetocyprU reptans (Baird), 
Pionocypris xndua (Miiller), 

Cladocera. 
Ceriodaphnia qiuulrajigvla (MUller), 
Daphnta lacvstrisj G. 0. Sars, 
Eurycercus lamellatvs (Miiller), - 
Chydorus sphceriau (MUller), 



f. (c. in 

fine net.) 

fr. 



March 2. 



ab. (a few 
eph. f 'mlfl. ) 



f. 
fr. 

f. 










June 15. 



Sept. 16. 



f. (c. in 
fine net.) 

r. (in fine 

net.) 

r. 







f. (in fine 

not.) 





ab. (a few 

males.) 









fr. (in 

both nets.) 

fr. 



f. (in fine 

net. ) 







f. 
f. 



f. (males 

rare.) 

c. (a few 

males.) 

fr. 

r. (in fine 
net.) 



It will be observed that Daphnta is the most abundant of all the 
Crustacea captured in the tow-nets; Diaptomus and Cyclops strenuus are 
also moderately common. Tliese, along with Cydops albidus, occurred in 
all the four gatherings, and none of them appear to have been much 
affected in their distribution by the changes incidental to the different 
seasons of the year. A few male Daphnta were obtained in the gather- 
ings collected in June and September, and they were also probably 
present in the December gathering, though they did not happen to be 
noticed ; for in that gathering there were a number of ephippial females, 
and where such forms are observed I frequently also find that males are 
present. Moreover, here, as in the other lochs, Diaptomus gracilis was 
more plentiful in the gatherings collected with the fine net than in the 
others. 

Tlie Invertebrate Fauna obtained by Hand-Net chiefly around Hie Sliore, 

The following Table contains the names of all the species of Crustacea 
obtained by hand-net around the shores of Duddicgston Loch during the 
diflferent visits that have been made to it, inclusive of the one made in 
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September 1897, as well as the four referred to under "Tow-Net 
Observations." 









Dates. 






Name« of the Species. 


1897. 




1898. 






Sept. 1. 


Dec. 15. 


Mar. 2. 


June If). 


Sept. 16. 


Amphipoda. 












(?amwuzrM« /m/«: (Penn.), 


f. 














ISOPODA. 












Asellus aquaticus {lAxm.), 


f. 


f. 











COPKPODA. 












Diaptomus gracilis^ G. 0. Sara, 
Cyciapa strenuust Fischer, 


c. 





r. 


fr. 


f. 


f. 


f. 


f. 


f. 


f. 


,, hicuspidcUMS, Claufl, - 


f. 


r. 











,, vernaliSf Fischer, 


f. 


f. 








r. 


,, bisetos}(8y G. 0. Sars, 





r. 











,, nn'dis (J urine), 


r. 





f. 





r. 


,, alhidus (J urine), 


r. 











f. 


,, serrufatuSy Fischer, - 


r. 


f. 


f. 


f. 


f. 


,, jimbriatuSy Fischer, - 


f. 





f. 


f. 





,, pkaUratuSf G. 0. Sars, 


f. 














Canthocamptus siaphylinut ( Jurine), 





f. 


r. 


fr. 





„ hiomatus, T. Scott, 


fr. 





r. 


f. 





„ minittua, Glaus, 


fr. 


fr. 


r. 


f. 





Attheyella crasm (G. 0. Sars), 


f. 


f. 


r. 


f. 


r. 


„ pygmcea (G. 0. Sars), - 


f. 


f. 








r. 


zschokkei (Schmeil), 


f. 














M(/taria anderson-sinithi, T. and 












A. Scott, .... 





^- 











OSTRACODA. 












Cypria ophthalmiea jJuriue)^ - 
(fyclocypris serena (Koch), 





r. 


f. 





f. 


f. 


fr. 


f. 


f. 


f. 


/o'W^ (MuUer), - 





f. 











Cmm8 pubera (Muller), 
Uerpetocyjrria reptans (Baird), 








r. 





r. 


f. 


(» 


f. 


f. 


f. 


,, striyata HtfuUer), 
Ifyodromut oUvaceus, B. and N., ■ 








fr. 








f. 





f. 








Ilyocvpris hipHcata (Koch), 
Canaona Candida (MUller), - 








r. 











f. 


f. 


f. 


f. 


,, h'nyafenf B. and R., 





f. 











,, roa'tratay B. and N., 


f. 


r. 


f. 


f. 


f. 


„ fahieformis (Fischer), 
CyproU fiava^ 25addach, 








f. 




















f. 


Ltmnicythere inopirwia (Baird), 





f. 


f. 


f. 





CLADOCERA. 












Botmina l<myirostrii, MUller, 
Ceriodaphnia quadrangular Muller, 
„ laiicaudata, Muller, - 








r. 








fr. 

fr. 






8 






f. 




SimocephaJus irtnlus (Muller), 





r. 











Eurycerciu famellattis (MUller), 


f. 











fr. 


Acropents harpce^ Baird, 


f. 


f. 





f. 





Alowi quadrangtdarU {iA.\i\\QT)y 
„ Unuicau'disy G. 0. Sars, 


fr. 


f. 


r. 








fr. 


f. 





fr. 





„ guttata, G. 0. Sars, - 


fr. 


f. 











Plearoxus trigontlhis (MUller), 


fr. 


f. 


f. 








Chydonis spharicus (Muller), 


f. 


f. 


r. 








„ caiutus Schcedler - 





r. 
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A few MoUusca were also obtained, i.e., Fisidium sp., Flanorlds cont- 
planatusj Flanorlm nautileus^ Planorbis contortufi, Physa fontinalis, aud 
Limncea peregra. 

The smallest number of Entomostraca observed in any of the gatherings 
was in the one collected in June ; in this gathering the number observed 
amounted to sixteen ; and the largest number, which was twenty-eight, 
was obtained in the gathering collected in September 1897. 

The annexed formula shows the number of species belonging to each 
of the three groups of Entomostraca observed in the various shore 
gatherings; the following are the abbreviations used: — Co., Copepoda; 
Os., Ostracoda ; CI, Cladocera. 



Dates, ... - 


"%!■ 


Dec. 16, 
1897. 


March 2, 
1898. 


June 16, 
1898. 


Sept. 16, 
1898. 


Names of the Groups, - 


Co. Os. CI. 


Co. Os. CI. 


Co. Os. CI. 


Co. Os. CI. 


Co. Os. CI. 


Number of Species in each 
Group, 


14 4 10 


10 7 9 


9 11 4 


8 5 3 


8 7 3 


Number of Species in each 
Gathering, 


28 i 26 

1 


24 


16 


18 



(8) Loch Doon, Ayrshire. 

Loch Doon, which is situated among the hills between Kirkcudbright- 
shire and Ayrshire, and close to the boundary line that divides these two 
counties, has an elevation of about six hundred and sixty feet above the 
sea. The north end of the loch is very nearly three miles in a direct line 
from Dalmellington — the place nearest to the loch to which the railway 
has yet penetrated ; its overflow water finds an exit at this end and 
forms the River Doon. The river, immediately on issuing from the loch, 
flows with a rapid current down through Ness Glen — one of the 
finest glens in the West of Scotland. According to the reduced 
Ordnance Survey map of the district, Loch Doon extends for about two 
and a half miles from the north end in a nearly south-east by south 
direction, and then bends round to about south by west for other three 
mile& Its breadth varies from about a quarter to nearly half a mile, 
except at the " Ford of Moak " — a moderately large bay on the east side, 
near where the loch bends round to the westward ; at this place the loch 
is nearly a mile wide. Most of the lower half of the loch is shallow, but 
the upper half (which 1 did not visit) is said to be deeper. The greatest 
depth I obtained was forty-one feet, which was in March, when the 
loch was rather above its usual summer level. 

The loch was visited on 16th September and 10th December 1897, and 
on 31st March and 6th July 1898. On the occasion of the December 
visit the weather was somewhat stormy, and shortly after commencing the 
usual tow-net experiments the wind began to increase in force, and, as it 
was from the south-east, and therefore nearly straight down the loch, the 
water became so rough that the tow-net work had ere long to be given 
up, and more time was therefore devoted to shore examination, but this 
also did not give very satisfactory results. It has also to be noted that 
the loch at this time was in flood, the water being so much above its 
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normal level that parts of the road that extends along its west side were 
submerged and rendered impassable for foot traffic. In July, on the other 
hand, the loch was so low that numbers of ** islands," which in 
ordinary circumstances are under water, as well as a considerable part of 
the shore, were exposed ; and these extreme conditions in the physical 
aspects of the loch would no doubt afiTect in a greater or less degree the 
distribution of the invertebrate fauna. 

The following Table shows the temperature readings obtained on each 
of the four occasions when the loch was examined : — 



Date. 


Hour. 


Temperature. 


Wind. 


Weather. 


Surface Movement 
of Water. 


Air. 


Water. 


Direction. 


Force. 


Surf. 


80 Ft. 




1897. 
Sept. 16 

Dec. 10 
1898. 
Mar. 31 

July 6 


11.30 a.ui. 

ll.SOa.ra. 

11.30 a.m. 

1 p.m. 


Degi. 

38-8 
61-0 
WO 


Degi. 
63-4 
390 
390 
58-1 


Degi. 

53-2 

89 
41ft. 
39-3 
25 fl. 
68-0 


•' 


Westerly. 
S. E. 

Westerly. 
W. by W. 


M'd'rate 
Squally. 
Light. 
S^iually. 


Cloudy ; showery. 

Showers of sleet. 

Cloudy, but fine. 

Dull; biclining 
to rain. 


Slight ripple under 

shelter of land. 
Rough. 

Slight ripple. 

Moderate. 



In this loch the water at surface and bottom was of a nearly uniform 
temperature on each of the four occasions when I examined the loch, and 
the water was neither so cold in winter nor so warm in summer as that 
of Duddingston or Forfar Lochs. The difference between the surface 
reading on 31st March and 6th July is 19*1 degrees, while the difference 
between the bottom readings for the same periods is 18*7 ; the tempera- 
tures for December and March are practically the same; while the 
readings for September are fully 4^ degrees below those for July. 

The Pelagic Fauna taken in the Taw-Nets, 

The true pelagic Entomostraca of Loch Doon, as in the other lochs 
examined, comprised comparatively few species. The seasonal distribution 
of one or two of them exhibited more or less marked variation, while 
others appeared to be less subject to seasonal influences. Two of the 
Entomostraca obtained in the tow-net gatherings collected here — viz., 
Diaptomus lactniatus and Daphnia nasuta — have not been found in any 
of the other lochs ; further reference is made to these under " Notes on 
the Species.*' The following is a full list of the Entomostraca captured in 
the tow-nets : — 
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Names of the Sj^cies. 



COPEPODA. 

Dlaptonvtx iat-iniatHjf, Lilljeborg, 

,, (pnriiis, G. 0. Sars, 

Cifrfnpn sfrfnuiuiy Fischer, . 

,, r!ri(fig (J urine), 

,, alhidns (Jurine), 

ClaDOCERA. 
Sida crygtaJUna (Miiller), . 
nohpedinm (jfiftb^rxmy Zaddach, 
Bagmina hntjispinaf Leydig, 
Dtiphnm nasHta, G. 0. Snrs, 
EuryrercHS lam^HatHs (Miiller), 
Camptocercus recfirostn's (Schoedler), 
Bytho(rfpfw8 lojifjhnana, fceydig, 
J^ptodora hfalinay Lilljeborg, 





Dates. 


1897. 


1898. 


Sept. 16. 


Dec. 12. 


March 31. ; July 6. 


f. 





fr. 


f. 





f. r. 


f. 


f. 


fr. f. 


f. 


f. 











fr. 


f. 














fr. 


fr. 


fr. 


r. ' c. 


f. 





r. 


f. 








f. 





f. 


f. 





fr. 



Amougst the species named in this list the three following appear to 
show distinct seasonal variation, viz. : — Diaptomus laciniatusy Holo- 
pedium gibberum, and Leptodora hyalina. Daphnia nasida also shows 
a certain amount of variation, but it is less marked than that of these 
three. Cyclops strenmis was more frequent in the gathering collected in 
March than in the others; while Daphnia was much scarcer in this than 
it was in the other gatherings. Sida^ EurycercuSy and Camptocercm are 
forms which I do not, as a rule, find in tow-net gatherings collected in 
the open where the water is deep ; when these species do occur in tow-net 
gatherings, the water they are collected in is usually shallow, and 
aquatic vegetation is more or less in evidence. Holopedium occurred 
only in the July gathering, in which it was moderately common, and 
Diaptomus laciniatus and Leptodora were frequent in the same gather- 
ing. These last two forms were also present in the gathering collected 
in September, but no trace of any of the three species was observed 
in either of the other two gatherings collected. The Daphnia^ though 
obtained in all the four gatherings, was much more plentiful in that 
collected in July. It may also be noted that in the July gathering 
collected with the fine tow-net infusoria and micro-algaa were more or less 
abundant. An organism somewhat resembling Nostoc was very plentiful. 
It occurred in roundish masses of variable size, and in general appearance 
was very like the objects observed a short time before in Looh Leven. 
Actinophrys sol was also observed in the July gathering from Loch Doon, 
as well as Ceratium, Diatoms, Desmids, <fec. ; but a report on these may 
bo prepared later. 
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The Invertebrate Fauna Collected by Hand-Net. 

Amougst the Crustacea collected about the shores of Loch Boon by 
means of the hand-net, several rare species were observed — one of whicl^ 
Cydopa nanus, appears to be new to Britain ; Cydops languidus and 
Latlhonura redirostris were also obtained here for the first time in 
Scotland. Other rare species obtained at Loch Doon were Canthocamp- 
tu8 schmeUii and Maraenohiotus vefdovskei. A full list of all the species 
of Crustacea observed in the hand-net gatherings from Loch Doon is 
contained in the following Table ; — 
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Names of the Species. 


Dates. 


1897. 


1898. 


Sept. 16. 


Dec. 12. 


March 31. 


July 6. 


Amphipoda. 










Qammarus pulex {Penn)t , 











r. 


COPBPODA. 










Cyclops xtrenuuSf Fiadier, , 





r. 


0" 





„ burusptdatuSf Glaus, 








f. 





„ langutdut.Q. 0. Sars, . 
,, vernali^t Fischer, , 








f. 


f. 


f. 





f. 





„ bisetoswt, G. 0. Sars, 


f. 


f. 








„ viridis Uunne)y 
„ /»«««( Jurine), 


f. 


r. 


f. 


r. 








fr. 





,, cUbidu* (Jurine), 
,, serrulatust Fischer, 


f. 





f. 


f. 


f. 





f. 




„ JimbriatitSf Fischer, 


f. 





r. 


f.' 


„ nanust G. 0. Sors, . 


Q 


. 


f. 


f. 


Ganfhocamptus itaphylin\ts (Jurine), . 


f. 





f. 





„ mmutusy Glaus, . 


f. 





f. 


f. 


,, schmtUiiy Mrtizek, 


f. 











„ sp., .... 
Atthtydla crassa {G, 0. ^a^), . 


f. 
f. 






f. 
f. 


f. 
f. 


„ py^maa (G. 0. Sars), . 


f. 





f. 


r. 


„ «cA^ibe« (Schmeil), . . 











f. 


Mcraria anderMn-smithL T. & A. Scott, . 


f. 


r. 


f. 





„ hrevipes (G. 0. Sars), . 








f. 





Mwratiwbiotut r^jdovskii^ Mi^ek, 





f. 








OSTRACODA. 










Gypria exsculpta (Fischer), 
Gyclocypris aertna {KoGYi)y . 








fr. 





r. 





c. 


f. 


globotia (G. 0. Sars), 


r. 











Cvpris fu»cata (Jurine), 
Ilydrom^ts robertwniy B. and N., 



f. (fine) 










r. (fine) 
fr. 


Cypridopsis viltoM (Jurine), 
Cand^na Candida (MUUer), 


r. 











f. 





fr. 





,, h'ngsteiif B. and R., 


fr. 





f. 


f. 


,, rottraia, B. and N., 


f. 





f. 





„ kyalinaj B. and R., 











r. 


Cladockba. 










Sida crystallina (Miiller), . 
Laihonura rectiroMtris (Miiller), . 
DrepaTWthruc dtiUaiOj Eurin, 
Ilyocryptus sordidus (Lievin), 






























f. 
f. 


f. 
r. 


Bosmina longirostris (Miiller), 
„ longispina, Leydig, 




r. 














1 f. 





Simocephalus vetubts (Miiller), 
Daphnia wuuta, G. 0. Sars, • 





0* 


f. 


f. 





r. 


f. 





Eurycercus lanuUatns (Miiller), , 













Acroperus harpas^ Baird, . 







f. 


f. 


Camptocercvs rcctirodrisy Schoedler, 










r. 


AloHopsis elangattu, G. 0. Sars, . 


f. 











OraptoUberis lestudinaria (Fischer), . 










f. 


Ahna affi,nu, Leydig, 







f. 


r. 


„ ^Morfmn^wtorw (Miiller), . 
„ rustica, T. Scott, . 







f. 


r. 







f. 





,, iniermcdiay G. 0. Sars, . 







fr. 





„ (TuUata, G. 0. Sars, . 
Ahndla nana {BaSid), 




f. 


r. 
















„ exignay G. 0. Sors, 










fr. 


Pleuroxwt trigonellua (MUller), . 













Peracantha truncala (MUUer), . 
ffarporhynchus falcatust G. 0. Sars, , 
Ckydorui sphcertcut (MiUler), 

„ tarhaius {Bndv), 

„ coelatuSf Schoedler. 














f. 









f. 






\: 

! 

! 
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The total number of Crustacea obtained in, and around the shores of, 
Loch Doon amounts to sixty-three species, and comprises twenty-three 
species of Copepoda, ten of Ostracoda, and twenty-nine of Cladocera, to 
which has to be added Oammarus pvlex. 

The shore gatherings collected in September and March yielded the 
largest number of species, while the one collected in December gave very 
poor results ; even the results of the tow-net gatherings collected at this 
time were disappointing, which was probably owing, in part at least, to 
the stormy weather then prevailing and to the flooding of the loch. But 
while this was 'ihe least successful of the various gatherings collected, 
it was the only one in which the rare Maraenohiotus was obtained. 

The number of species of each of the three groups of Entomostraca 
observed in the various shore gatherings is shown iu the formula. 
Co., Copepoda ; Os., 0.stracoda ; CI., Cladocera. 



Dates 


Sept. 16, 
1897. 


Dec. 12, 

1897. 


March 31, 
1898. 


July 6, 
1898. 


Names ol the Groups, . 


Co. Os. C 


Co. Os. n. 


Co. Os. CI. 


Co. Os. CI. 


Number of Sjiecies in each 
Group, .... 


12 8 2 


5 3 


16 5 12 


10 5 11 


Total Number of Species in 
each Gathering, 


41 


8 


33 


26 



A number of minnows were obtained in the September gathering, and 
the contents of several of their stomachs were found to consist chiefly of 
Cladoceran remains ; those remains that were perfect enough for identi- 
fication represented at least eight different species. Trout are fairly 
plentiful in Loch Doon, and fine specimens are occasionally captured. One 
of the largest has been preserved, and is in the possession of Mr. James 
Macdonald of the Eglinton Hotel, Dalmellington. 

It appears that extensive deposits of marl exist in Loch Doon ; and, 
about the time of my visit to the loch in July, advantage had been taken 
of the water being so low to have some of it excavated. Some of the marl 
was so pure that when it was dried it closely resembled a piece of chalk 
both iu colour and weight. A sample which I collected, measuring 
nearly nine cubic inches, weighed scarcely four ounces when dry. It was 
solid throughout, and exhibited indistinct traces of lamination. It was 
nearly white in coloiu*, but variegated with light brownish bands. When 
dissolved in water and carefully examined no remains of moUuscan shells 
were observed ; it seemed to consist largely of a fine whitish mud, iu 
which were numerous Diatomacea and seeds of Cfiara or Nitella. But 
the marl varied in purity to a considerable extent ; though of moderate 
thickness in some places, in others it consisted only of thin layers inter- 
bedded with dark vegetable matter ; but whether in thin or thick layers, 
it seemed to be characterised by the absence of MoUuscan shells, and thus 
differed very markedly from the marl observed in Forfar Loch. It may, 
in the absence of MoUuscan remains, be somewhat difficult to determine 
from what source this marl is derived. A chemical examination of the 
water at different seasons ot the year might probably throw some light on 
this question. 
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1 found Mollusca rather scarce in Loch Doon ; Coleoptera were also 
scarce ; but Corixa appeared to be locally frequent. 

It is not pretended that the various lists contained in the preceding 
pages represent ail the species of Crustacea likely to be found in the 
various lochs described — more especially around their shores ; it is more 
likely that further research will add considerably to the number of those 
recorded. All that may be said about these lists in the meantime is that 
they contain a record of the species observed by the writer in the gather- 
ings collected in the various lochs that have been made the subject of 
this special investigation. 



II. SECOND SERIES OF LOCHS EXAMINED. 

The second series of lochs to be noticed here comprise Loch Ness, Loch 
Oich, and Loch Lochy, all of them situated in the Great Glen and in the 
line of the Caledonian Canal. Tow-net gatherings have at various times 
been collected in each of these lochs, when the s.s. Garland was on her 
way from the East to the West Coasts or vice versa. Observations on the 
temperature of the water, both at the surface and at different depths 
from surface to bottom, have also been made. The number of observa- 
tions and experiments made in these lochs is therefore very considerable. 
Only those of them, however, that coincide more or less approximately 
with the investigations carried out in the first series of lochs will be 
referred to here. The examination of these three lochs has been carried 
out under the supervision of Mr. F. G. Pearcey, to whom I am indebted 
for most of the gatherings of Entomostraca to be described, and for the 
records of temperature. 



(1) Loch Ness. 

This, which is the largest and deepest of the three lochs now under 
consideration, has been examined at three different places, viz., off Castle 
Urquhart, off Foyers, and off" Port Clair, and the tow-net gatherings that 
are to be described were collected in August, October, and December 1897, 
and in January, August, and October 1898; they were collected at the 
surface and at various depths down to sixty fathoms. Usually the 
gatherings that were collected at the same place and on the same date 
contained the same kinds of organisms, and only differed more or less in the 
quantity collected ; it is not necessary, therefore, to describe in detail the 
results of each separate gathering. I propose rather to give a general 
description of the gatherings collected on the different dates at the three 
places mentioned, referring where necessary to any point of interest that 
presents itself concerning any of the gatherings collected or of the 
species observed. 

Tempei'cdure and other Physical Oh»ervatioiis, 

The following Table contains the temperature and other observations 
that correspond more or less closely with the dates on which the tow-net 
gatherings were collected. Only the temperature at the surface and 
at five and ten fathoms is given, and for the following dates — 7th 
August, 28th October, and 6th December 1897, and 3rd August and 
7th October 1898. 
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Table showing Records op Temperature. 

The following abbreviations are uaed:— U., off Castle Urquhart; F. off Foyers; C, off 

Port Clair. 





"" 




Tempei-ature. 




Wiii(] 


. 




Surface 

Movement 

of 


Date. 




Hour. 




Wuter. 








Weiitlier. 








, 






Dli'ectlon. 


Force. 




Water. 








Air. 1 

' Surf. 


5fm8. 


10 fiiis 


jy^ca v^ ba^^ac* 






1 


1897. 
Aug. 7, 


u. 

F. 
C. 


6.86 a.m. 
8.85 p.m. 
4.28 p.m. 


611 
62-6 


60-8 
59-2 


Degi. 
55-4 


Degs. 

• 


N.E. 


Liglit. 


Fine rain. 

Passing 
showers. 


Water 
smooth. 

1 


Oct 2 


U 


1.45 p.m. 


60-4 


50-0 


49-4 


49-8 


S.W. 


„ 


Hazy. 




„ 


K. 


12 15 p.m. 


60-9 


49-7 


49-2 


49-5 


„ 


M'drat«. 


„ 


Moderate 
ripple. 
Smooth. 


»» 


C. 


9.20 a.m. 


f)6-8 


49-2 


49 


49-0 


,, 


Light. 


»» 


Dec. 6, 


U. 


9.65 a.m. 


41-8 


46-2 


46-8 


47-0 


W. 


,, 


Overca»t 


„ ' 


" 


F. 
C. 


1.15 p.m. 
9o.m. 


440 
431 


46-0 
4G0 


46-8 
46 


46-5 
45-8 


S.W. 
W.8.W. 


M'dwte. 
Squally. 


Cloudy. 
Rain. 


Moderate 
ripple. 
Rough. 1 


1898. 






















Aug. 8, 


U. 


9.55 a.in. 


56-3 


55-0 


550 


55-0 


S.W. 


Strong. 


Showcr>'. 


M 


.1 


F. 


12.85pm. 


56-8 54-0 

1 


54 


58-0 


u 


Squally. 


M 


1. 


Oct. 7, 


u. 


2.88 p.m. 
2l8p.m. 


57-2 1 50-2 
56-3 65-2 


51-8 
55-4 


61-4 
560 


N.E. by K. 


M'drate. 


Cloudy. 


Moderate 
ripple. 
Strong 

ripple. 
Strong 
ripple. 




F. 
C. 


10 a.m. 
8.60 a.m. 


51-4 
51-4 


541 
54-6 


54-8 
58.5 


641 
54-0 


E. 


M 


Fog. 



The Pelagic Entoiiiostraca Collected by the Tow- Nets, 

The Entomostraca observed in the various tow-net gatherings comprise 
altogether about twelve species, but a few of them are exceedingly rare. 
The most numerous forms were two species of Diaptomvs — (Z>. hircuSf 
G. S. Brady,* and Z>. gracilis, G. O. Sars) ; and Bosmina longiapinay 
T^ydig. The next in order of frequency were DapJmia galeata, G. 0. 
Sars; Bythotrephes longimanuSy Leydig; and Leptodoi'a hyalina, 
Lilljeborg. Cydops strenuus, Fischer, was also occasionally more or less 
frequent. The following Table will show approximately the relative 
frequency of the different species and their seasonal distribution. The 
gatherings represented in this-Table were collected on six different dates, 
viz., on 6th August, 28th October, and 6th and 7th December 1897, and 
on 25th January, 3rd August, and 7th October 1898. The following 
abbreviations are used in the Table : — ab — abundant ; c — common ; fr — 
frequent ; and r — rare. " " also signifies the absence of any species. 

* See Notes on this and other species at p. 188. 
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Table containing the Names of Entomostraca observed in Tow- 
NBT Gatherings prom Loch Ness. 



Names of the Species. 


Dat«8. 


1897. 




1898. 


Oct. 7. 


Aug. 6. 


Oct. 28. 


Dec. 
6, 7. 


Jan. 25. 


Aug. 3. 


COPEPODA. 














1 JMaptonms ffmvilh, G. 0. Sars, 


f. 


fr. 


fr. 


f. 


ab. 


ab. 


,, hire us J Brady, • 





f. 


r. 


f. 


ab. 


ab. 


Ctfclops Btrfnuux, Fischer, - 





f. 


r. 


f. 


f. 


fr. 


„ tiridis (Jurine), - 





' 


r. 











CIJlDOVERA. 














Sula crynlalllua (Muller), - 


r. 

















DiapfuDKMHiui brachi/ta'inn (Lievin), - 














r. 





Daphiiia ffotecUu, G. 0. Sars, 


f. 


fr. 


fr. 


c. 


c. 


c* 


Bostnina lonffUpimXy Leydig, 


c. 


f. 


f. 


f. 


ab. 


fr. 


A hnopsis efoHffata, G. 0. Sars, - 





r. 


r. 











Polyphemus pedtcnlm {lAnn.), - 


f. 











fr. 


r. 


Bythotrephes longinianusy Ley dig, - 


f. 


r. 








c. 


fr. 


Ijeptodora ftyaJina, Lilljeborg, - 


r. 


r. 


r. 





c. 


fr. 



* a few males were observed in a gathering from 60 fathoms off Castle Urquha 
and from 50 fathoms off Port Clair. 

Diaptomvs gracilis occurred in gatherings collected at the surface and 
at various depths down to 110 fathoms, or, in other words, as deep as the 
tow-nets were worked. 

Diaptomus hircua^ Brady, did not appear to be so generally distributed 
as the last ; it was usually more frequent in the mid- water gatherings 
than in those collected at the surface or in very deep water. In the 
series of gatherings collected on 3rd August 1898, no specimens were 
observed in those from the surface down to 10 fathoms, but the 
species was abundant in a gathering from 30 fathoms, and rare ^d one 
from 60 fathoms. 

Cyclops strenuus, though generally distributed, was seldom very 
common. Cydops viridie, — This Copepod was observed in only one of 
the gatherings, collected in about 10 fathoms at the north-east end of the 
loch. Among the Cladocera, the first two species in the list only occurred 
once— the Sida in a surface gathering collected on 6th August 1897, and 
the Diaplianosonia in a gathering from 20 fathoms collected off Port Clair 
on August 3rd, 1898. 

Daphnia galeata was more or less generally distributed from the surface 
down to 110 fathoms, but it was usually more common in gatherings from 
the surface down to about 20 fathoms than in those from deep water. It 
also seemed to be more common in the gatherings collected in 1898 than 
in those collected in 1897. 
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Bosmiua longispina. — The Bosmina from lioch Ness exhibited some 
variation in size aiid in the length of the ant^nnules and posterior spines, 
but appeared to belong to the same species. They also appeared to show 
a certain amount of seasonal variation, for it will be observed that while 
they were ** common" or "abundant" in gatherings collected in August 
1897 and 1898, they were decidedly scarcer in those collected during the 
la}e autumn and winter months. 

Alonopsis occurred on two of the dates mentioned, and on both occasions 
in gatherings collected with a fine silk tow-net off Castle Urquhart, 
and both were surface gatherings. Only one specimen of Alon&psis 
was observed in each of the gatherings. 

Polypliemus pediculus.^^lt would seem, from an examination of the 
Table, that seasonal changes affect to some extent the distribution of this 
Cladoceran ; it was nbt observed in the gatherings collected in December 
and January, nor in those collected in October 1897 ; it was rare in 
those collected in October 1898, while in those collected in August 1897 
and 1898 it was more or less frequent. It occurred in gatherings 
collected at 60 fathoms, and from that depth to the surface, but was 
more frequent in those from the lesser depths. 

Bytlvotreplies longivianus. — This had a distribution somewhat similar 
to Pohjpliemus, 

Leptodora hyalina. — The distribution of LeptodorUy like that of some 
of the others, appeai'ed to be affected to some extent by the changes of 
the seasons; it occurred all over the loch, and in almost all of the 
gatherings, but it was most common in those collected in August 1898. 

(2) Loch Oich. 



Loch Oich is situated along the waterished of the Great Glen, and is 
the highest of the three lochs under discussion. It is much shallower 
than Loch Ness or Loch Lochy, and its bottom is very irregular; its 
surface is also broken up by several islands. Its present level is about 
100 feet above the sea at ordinary high water. Being smaller and more 
sheltered than either of the other two lochs, its range of temperature is 
greater, the water in summer being warmer and in winter colder, and 
probably this may have a tendency to react on the more susceptible of 
the invertebrate inhabitants of the loch. The examination of the tow-net 
gatherings has not, however, brought out any very marked differences ; but 
further reference will be made to this point under " Notes on the Species" 
at p. 186. A series of temperature records will be found in the 
following Table. 

Table showing Records of Temperature Observations taken at 

Loch Oich. 



Date. 


Hour. 


Temperature. 


Wiud. 




Water. 










Air. 




Dii'Hction. 


Force. 








Surf. 


6Fm8.!l6Fm8 

1 






1897. 
Au;;. 6 

Dec. 7 

1898. 

Ang. 4 




Degi(. Degs. 


Degs. 


Degs. 






Notdi. 
2.15i>.ni. 
».80a.in. 


640 650 
48-2 431 
fi5-7 ; 59-5 


62-0 
42-9 
590 


4y0 
10 fms 
42-9 

59 


3. W. 
W. S. W. 


M'drate. 
S«iually. 
M'dmte. 


Oct. 6 


3.7 p.m. 


CO -2 55 


52-3 


52-3 


E. 


" 



Weather. 



I Surface MoToment 
of Water. 



Hazy ; rain. 

Heavy raiii. 

Cloudy ; show. 

eiy. 
Fair ; clear. 



Moderately rough. 
Rough. 
Slif^ht ripple, 
strong ripple. 
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The highest surface temperature is G5-0 degrees, and the lowest 43*1 
degrees — showing a difference of 21*9 degrees; whereas the difi*erence 
between the highest and lowest surface temperature readings for Loch 
Xess is 14*9 degrees, or only about two-thirds of the difference 
observed in Loch Oich. There is a marked diti*erence in the temperature 
of the water on 6th August 1897 and 4th August 1898. On the latter 
date the temperature of the water is practically uniform — down, at least, to 
ten fathoms ; while on 6th August 1897 there is a diff'erence between the 
temperature at the surface and at 15 fathoms of 16 degrees Fahrenheit. 

Tlie Pelagic Entomostraca Collected by the Tow-Nets. 

The names of the various species observed in the tow-net gatherings 
from Loch Oich \n\\ be found in the annexed Table : — 





' 




Dated. 






Xames of the Si)ecies. 


1 1897. 


Jau, 24. 


1898. 
Aug. 4. 






1 Aug. 6. 

1 


; Dec. 7. 


Oct. 6. 


COPEPODA. 












l>iap(omi(8 ijioriUg^ G. 0. Sars, - 


r. 


f. 


f. 


c. 


fr. 1 


,, harti;(, Brady, - 











r. 


' 


C'tfclops sfrenitiiK, Fischer, - 


r. 








f. 


fr. 


,, <<ViV//x (Jurine), 


r. 


r. 


r. 








,, a f bid us (J urine), - 


1 








r. 





Clacoceha. 


i 










JSiffarrifMai/uia{U\ii\eT), - 


i ^' 








f. 


r. 


Diapfiamsoma brachi/urum (Lievin), - 











f. 





Daphnia galmta^ G. 0. Sars, 


al.. 


f. 


f. 


fr. 


ab.* 


Rosniina lomjiitpina^ Ley dig, 


r. 


f. 


f. 


c. 


r. 


Hohpediuin <jibbtinm^ Zaddach, 


r. 








r. 


r. 


Camptoceirifs recti rosfn\ Schcedler, - 














"' 1 


AhnaaJiniA, Ley digy 











r. 





Pohjphemug p€diriilt(f['Lmn.), - 


r. 








r. 


r. 


Btjiholrfph^fs ionff ilium tut, Leydig, 


fr. 








fr. 


f. 


l/'jModoi'a hyalinoy Lilljeborg, - 


r. 








fr. 


fr. 

1 



* Male Dajihniiti were frequent in the gatherirgs collected at this date. 

Among the Copepoda observed in Loch Oich, Diaptomtts gracilis was 
the most common. It was also one of the few species that occurred in 
all the gatherings examined. 

Diaptomus hircus, Brady, appeared to be rare in Loch Oich. The 
three species of Cyclops were also apparently scarce. 

Sida and Diaphanosoina were also somewhat rare, but Sida was less 
so than the other. In the gatherings collected in August 1897 Sida 
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occurred, but very sparingly, from the surface down to ten fathoms. In 
the gatherings collected in August and October 1898 its distribution was 
somewhat similar. 

Daphnia gcUeata was more or less plentiful, except in the gatherings 
collected during the winter months. Large specimens of the Daphnia 
with strongly crested heads were obtained in Loch Oich ; a considerable 
variation in the form of the head was also observed. 

Bosmina also exhibited a considerable amount of variation. 

Holopedium gibberum occurred very sparingly in Loch Oich. It was 
not observed during the winter months. The seasonal changes appear to 
affect very much the distribution of Holopedium, 

Camptocercus was observed in only one gathering, collected at five 
fathoms on 6th October 1898. The post-abdomen of this Camptocercus 
is more characteristic of C. redirodris than of C. macftu/rus — the species 
to which British specimens have usually been ascribed. 

Alona affinis. A single specimen of this Cladoceran was obtained in a 
gathering from ten fathoms. 

Pdlypfiemvs was apparently absent from the gatherings collected in 
December and January, and this tends to confirm what has been said as 
to its susceptibility to seasonal changes. 

Bythoirephes and Leptodora show a distribution very similar to the 
distribution of the same species in Loch Ness. 

(3) Loch Lochy. 

The distance between the north-east end of Loch Lochy and the 
south-west end of Loch Oich is slightly over one and a half miles, and 
there is a difference of only a few feet between the levels of the two lochs. 
From the frequent passage of vessels to and from the East and West 
Coasts, a considerable quantity of water makes its way from Loch Oich 
through the canal into Loch Lochy, and probably conveys some of the 
Loch Oich Entomostraca into the neighbouring loch, and thus gradually 
tends to bring about a more or less marked uniformity in their pelagic 
faunas. Littoral species — that is, species whose habitat is about the roots 
or amongst the foliage of the aquatic vegetation of the shore and shallows 
of lochs — are less likely to be affected by these movements of the water 
than those are that live in the open ; and therefore a greater dissimilarity 
may exist between the shore and bottom faunas than between the free- 
swimming species of lochs which are so situated that the overflow water 
from the one passes into the other. The study of the dispersion of 
species is of wide interest and has an important bearing on the question 
of what are, or should be, considered distinct species or varieties. 

Temperature Obaervationa, 

So far as the records are comparable, the temperature of Loch Lochy 
shows rather less seasonal variation than Loch Oich, which is no doubt 
owing to the greater body of water in Loch Lochy. 

The annexed Table contains a number of temperature observations 
taken in this loch : — 
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Date. ' 


Hour. 


Tempc 


rature. 

Wat«r. 1 
> 


Wind. 


Weather. 


Surface Movement 
of Water. 


Air ' 


Divert 10 11 VckTot* 






Surf. 


SFras. lOFms! 

1 










1 1897. 
Oct. 27 

Dec. 8 

1898. 

Aug. 4 




Degg. 


Dtgi. 


Degs. Degg. 




1 




lO.l.'ia.ni 

9.20«.in. 

1 p. in. 


591 
87-2 
57 8 


50-1 
461 
67 


600 60-0 i 
46-4 46-2 

66-0 66-0 

1 


s. 

s. w. 

w. s. w. 


Squally.' Bright sun- 
! shine. 
,, Snow showers. 

,, Showery. 


Kongh. 
Rough. 
Strong ripple. 


Oct 6 


8.7p.th. 


66-3 


660 65 3 53-4 


S. Light. J Fine. 


Slight ripple. 



The surface temperatures for December 1897 and August 1898 show a 
difference of 10*9 degrees Fahrenheit for Loch Lochy; whereas the 
difference for the same months for Loch Oich is 16*4 degrees Fahrenheit. 

21ie Pelagic Entomoetraca Collected by the Tow-Nets. 

The Entomostraca contained in the tow-net gatherings from Loch Lochy 
are very similar in number and kind to those from the Loch Ness 
gatherings. The only difference worth noting is the presence in Loch 
Lochy of Holopediuin gibberum; and curiously, though this species 
occurred in all the four gatherings collected on 4th August 1898 at the 
surface and at ten fathoms, twenty fathoms, and fifty fathoms, it was not 
observed in any gathering on the other dates mentioned in the following 
Table of Species. 

Table containing thb Names of Entomostraca observed in Tow-Net 
Gatherings from Loch Lochy. 



Name» of the Specieu. 






Dates. 






1897. 


1898. 


Aug. 6. 


Oct. 27. 


Dec. 8. 


Jan. 24. 


Aug. 4. 


Oct. 6. 


COPBPODA. 














J>iaj>tomu3 f;raciii\ff G. 0. Sars, 


c. 


rtb. 


f. 


0. 


ab. 


c. 


,, hiraiSf Brady, 





fr. 


r. 


fr. 


f. 


fr. 


Cyclopt strenuvSf Fischer, 


c. 


fr. 


r. 


f. 


fr. 


fr. 


„ vlrldU (Jurine), . 








r. 











Cladocera. 














Holopedhim gibhernm, Zoddoch, 














fr. 





Daphm'a ga/eiUa, G. 0. Sars, . 


f. 
fr. 


c. 


c. 


c. 


ab. 


c. 


Bosmina longhpina, Leydig . 


fr. 


f. 


f. 


fr. 


f. 


Polyphemus ptdicidus (Linn.), 


f. 











f. 





Bythotrep/iesiongimanvSj Leydig, 


r. 


fr. 


r. 





c. 


c. 


Leptodora hyalinaj Lilljeborg, 


'■ 


fr. 








<-•• 


fr. 1 
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Diaplomv^ gracilis was more plentiful iu the gatborings from this loch 
than in those from the other two. It was, however, less common in the 
December gatherings than in those for the other months. 

Diaptomus hirctis, Brady, was also moderately frequent, except in the 
gatherings for August 1897. 

Cyclops strenuus was one of the more common species in this loch ; 
while Ctjdaps viridis only occurred once. 

Holopedium gibbefum has already been referred to. 

Dapknia galeata was quite common in the gatherings from Loch Lochy, 
with the exception of those collected in August 1897. The Daphnias in 
the gatherings from this loch were similar to those observed in Loch Ness ; 
but those with the head strongly helmeted were less in evidence here 
than in Loch Oich. 

Bosmina longispina. The Bosniime of Loch Lochy, like those of Loch 
Oich and Ix)ch Ness, exhibited a certain amount of variation in size and 
in the length of the antennules and of the posterior spines, and it may be 
that they include one, or perhaps two, other species besides B. longispina. 
That, however, appears to be the typical form, and I prefer meantime to 
consider the others as " varieties." 

Polyphemus was one of the less common Entomostracans in Loch Lochy, 
and hero, as elsewhere, appeared to be susceptible to seasonal changes. 

Bijthotrepihes was more plentiful in the gatherings collected in August 
and October 1898 than in those collected previously, and, though it 
occurred in all of them from the surface down to seventy fathoms, it was 
scarcer in those collected in deep water. 

Leptodoi'a differed little in its distribution from BytJiotrephes, except 
that it was not observed in the gatherings collected either in December 
or January, nor in those collected below fifty fathoms. It was common 
in one or two of the surface gatherings. 



General List of all the Species of Crustacea and Mollusca that 

ARE recorded FROM THE VARIOUS LoCHS REFERRED TO IN THE 

Preceding Pages, together with Names op the Loohs in 
which they were observed. 

An X under the n:vme of a Loch indicates that the species was obtained in it. 

















1 

1 










Names of the Species. 


§ 

1 


© 

< 

t 


1 


2 

.a 


1 
1 

i2 


1 


1 


1 

1 


\ 


1 
1 


CRUSTACEA. 
























Amphipoda. 
























Gammnruspulex (Penn.),- 




■ 


X 


- 


X 


X 


X 


X 


- 


- 


- 


ISOPODA. 
























Aseiltts (UiHadcus (Linn.), 








' 


- 


- 


X 






- 


•- 
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General List op all the Species of Crustacea, &c. — Continued. 



Names of the Species. 



COPEPODA. 

Ihaptonifg ffraciiisy G. 0. Sars, 
,, /anViia^M*,Lilljeborg, 
„ himigf Bradv, 

,, irierzejxtiiy llichard, 

Cyrtops strenuvSf Fischer, 
,, leiictartij Claus, - 
,, difboicd-uiiy Lande, 
,, bicusputatusy Claus, 
,, languiduay G. 0. Sars, - 
„ venialu, Fischer. - 
,, biseto9vs, G. 0. Sars, - 
,, riridis (J urine), - 
,, fuscus (Jurine), - 
,, albidus (Jurine), - 
, serrnfatuSy Fischer, 
,, macruruSy G. 0. Sars, - 
,, affiniij G. 0. Sars, 
,, nanuSy G. 0. Sars, 
,, jimhricUuiy Fischer, 
,, phal^atugy G. 0. Sars, 
Oonihocamptus staphyliHug, 

(Jurine), 
,, minntuSyd&MSy - 

,, inorncitv.^, 

T. Scott, 
,, srhmeifity 

Mr^izek, 
,, hiHicorniSy 

T. Scott, 

A tthfytlhi entsm (G. 0. Sai*a), - 

?» Ityifmita (G. 0. Sars), 

,, rjifAfl/Kf (Schmeil), - 

„ rf»^M«Vt,T.&A.Scott, 

Mnmria ancl^son-fmithf\ 

T. & A. Scott, 
„ breripe*y G. 0. Sars, - 
MaraenobiotiisiejdorttHi, Mr^k, 

OSTRACODA. 

Cypn'a exsculpta^ Fibcher, 

,, 0/3^/Aa/mica (Jurine), - 
Cyrfocypris »erena (Koch). 
„ Icem'Sf (MUller), 
„ ffloboM (G. 0. Sars), 
OyprUfuscaia (Junne), - 
,, inronyruenSy Ramdohr, - 
„ puberay Mllller, - 
„ vireiu (Jurine), 
,, obltqwiy Brady, - 
Herpelocypris reptans {Ba,\rd)y • 
,, gtrigatOy MUller, • 

Ifyodromvi robertsaniyp. k N., 
„ olivaceuty B. & N., - 

Cypfndopti* villoM (Jurine), - 
„ newUmiy B. k R., - 

Pionocypru vidua (MUller), 
PoUimocypris fultOy Brady, 
Cyproufiava, Zaddoch, • 



2 I 









X I X I 



* Tbene ure not from Loch Lomond itself, but from the ^' Phu Looh " alongside. 
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General List of all the Species op Crustacea, <Src. — continued. 



Naraos of the Species. 



OSTRAOODA— Cbll/»« M«/. 

Candona Candida (MUller), 
,, iacleaj Baird, - 
,, roHrataj B. & N., 
,, hingaieii^ B. & R., - 
,, /aAa*/<>rTOw (Fischer), 
,, arwminata (Fischer), 
„ compresia (Koch), 
,, hualina^ B. & R., 
Ilyoajpri* tnpiicaia (Koch^, 
Dartcinvfa stevenwni, B. « R., 
LifMiicythert inopijuda^ Baird, • 
, , $ajvct i'patriciij 

B. k R., 
Cytherid^a IxmutrU^ G. 0. Sars, 

Cladocera. 

Sida ctystallina (MUller), 
Diaphanotoma brachyuntm 

(Lievin), 
HoiopediumffibberuMf Zaddach, 
Ceriodaphn ia reticulata ( Jurine), 
,, laiicavdata^ 

MUller, 
,, ({uadranffxda^ 

MUller, 
Scapholeberig mucranata^ MUller, 
Simocejihahig irtuh/s (MUller), - 
Thiphnia fongispiimy var. 

aquitiiiaf Ley dig, 
,, lacHstrity G. 0. Sars, - 
,, ffoleataj G. 0. Sars, . 
,, ionffispinay var. 

nasHta^ G. 0. Sars, 
Bmmina lonffirostri$ (MUller), - 
,. iomjiapinat Leydig, - 
Laihonura rectirostris (MUller), 
Streblocermgminvtus, G. 0. Sars, 
Drtpanothrix deiitata (Euren), - 
AcanthoUberis cvrcivostris 

(MUller), 
Ilyocryptus sordid us (Lievin), - 
Em^cercus ianicllatus (MUller), 
A cropents /tarpasy Btiirdy ' 
Camptoc^afs rectirostris, 

Schoedler, 
A lonopsis elonoatm, G. 0. Sars, 
Leydiffia quadranguhris 

Uraptolfbens test ndi nana 

(Fischer), 

AlonafpittatayO.O.^TSy 

tenuicaudis, G. 0. Sars, - 
costaia, G. 0. Sars, 
yM<M/ran^K/ar« (MUller), 
afnis (Ley dig), - 
intermediay G. 0. Sars, - 
rvstictty T. Scott, - 

A/onefla wru^^a (Lilli " 
„ nana (Baird), 



X I 
X i 

X ' 



- I 






X I 



I X 

I . 

! . 



X I X I X 



I X 

I . 



^ These are not from Loch Lomond iteelf, but from the " Dhu Loch" alongside. 
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General List of all the Species of Crustacea, &c. — continued. 



Names of the Species. 


JH 

h 


< 


i 

1 

1 


1 

1 


1 

1 




J3 

1 

-a 


1 


1 


■g 

1 


1 
J 


Cladocbra— Cow<i/iw«/. 

Plevronis trigo7ullu$ (MUller) 

,, micincdu$^ Baird, 
Harporhynchui fafcatuSf 

G. 0. Sara 
Peracantha tntncata (Muller), 
Chydonis »pharncm{M.\i\\er)y • 
,, fflobosusy Baird. 
„ cceiatusy Schoedler, • 
„ (?) latiijt, G. 0. Sars, 
,, harbatvs (Brady), 
„ (?) amfuy Kurz, 
MoHOspilus tenuirostris (Fwchei 
Polvpkemxii pediculns (Linn), 
Byihotrephes loTigimanHg^ 

Leplodora kyalina^ Lill jeborgf, 

MOLLUSCA. 

Spharrium cortmim (Linnd), 
Pindium foiUtnale (J)nT>.) 
„ putillumy Gmelin, 
„ nitidum^ Jenyns, 
AnodofUa cygnea. Linnd, - 
Vcdvata jMcincUu (MUUer), 

„ crUtcUa, MUller, - 
Planorbis nittdus, MUller, 
„ nauHleiu (Linnfi), 
„ alhui, MUller, - 
„ glaher, Jeffreys, 
„ contorhUf Linn^, 
PhytafojUinalU (Linn^). • 
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^ These are not from Loch Lomond itself, but from the "Dhu Loch" alongside. 
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Table showing the Total Number op Species belonging to the Three 
Groups op the Entomostraca that have been observed in the 

DIFFERENT LoCHS. 



Names of the Throe Groups of 
the Entoraostmca. 



I o 



Names of the Lochs. 



•I 1^ 









!| J Jl^ll 



('opepoda, 
Ostracoda, 
riadocera, 



Total number of Entomostraca 
from each Loch, 



21 16 16 19 18 18 17 22 4 5 j 4 
16 7,7 9 18 20 15 10 - - ' - 
32 25 22 30 14 2:i 11 29 8 10 6 



I 



69 : 48 45 58 50 61 43 61 12 i 15 I 10 



NOTES ON SOME OF THE SPECIES MENTIONED IN THE 
PREVIOUS LIST. 

In these notes I propose to limit my remarks chiefly to the local distri- 
hutiou of the rarer species and to a few questions bearing on variation of 
form, but some of the more common species may also be referred to. 

The Amphipoda. — The Amphipoda represented in the gatherings 
from the lochs referred to in the preceding pages included only the 
common Gamynanis puler. Gammai^us (Jnoheni was not observed in any 
of them. 

The Isopoda. — Asdhis aquatictis was the only Isopod observed. 

The Copepoda. — Thirty-one species of Copepoda have been identified 
in the various gatherings, and several of them — as Diaptomus graeiliSy 
Cyclops strenuvSj Cijclops seiTitlatttSy and Canthocamplus staphylinus — 
appear to be more or less common and generally distributed. Diaptomus 
g-racilis and Cyclops strenufis occurred in nearly all the lochs examined, 
as well as on each of the dates that the loclis were visited. The follow- 
ing are a few of the rarer species noticed : — 

Cyclops leuclcarii. — The only loch of the present series in which C, 
leuckarti was observed was Loch Lomond. It has, however, been 
obtained in a few other lochs in Scotland, and has already been referred 
to in a recent Report. 

Cyclops dybofcskii, Lande. — This Cyclops has only been observed in 
Loch Lomond, and it was observed in only one of the gatherings, but in 
that one it was moderately frequent. C dyhoicsini comes very near C. 
otthonoides, G. 0. Sars, and may only be a form of that species. 

Cyclops bicuspidatus. —This distinct species was observed m several of 
the lochs examined. Two of its more obvious characters seem to be the 
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elongate secondary branches of the fifth pair of thoracic feet, and the 
elongate caudal furca, in which the exterior mar^^dnal seta has a 
position nearly midway between the base and apex of each furcal 
segment. 

Gydops vemcUis and Cydops bisetosus were also observed in a few of 
the lochs examined. C. bisetosus is a distinctly smaller Cyclops than the 
other ; in stracture C. bisetosus seems to occupy an intermediate position 
between C. biciispiJcUus and C. vemalis, 

Cydops languidus and Gydops nanus. — The first of these two Copepods 
was only observed in Loch Doon, but the other has been obtained both in 
Loch Doon and Loch Lomond, thus indicating by the difference in the 
altitude and position of these two lochs that it may have a moderately 
extensive distribution in Scotland. Dr. Schmoil is inclined to regard 
both these Cydops as forms of Cyclops vemaluf, Cydops nanus is a very 
small species with eleven-jointed antennules ; several specimens carrying 
ova were observed amongst the representatives of this species in Loch 
Doon. With regard to C. languidus, the character that first attracted 
attention was the structure of the antennules, which were found to be 
sixteen-jointed. 

Cydops maerurus. — This appears to be a moderately scarce species. 
It was observed in only two of the series of lochs under consideration — 
viz., Loch Arklet and Loch Leven. 

Cydops affinis was observed only in the Dhu Loch (close to Loch 
Lomond). It appears to be rare in the lochs of Scotland. 

Cydops phaleratus, — This species is recorded from only two of the 
present series of lochs — Forfar Loch and Duddingston Loch. Ova- 
bearing specimens of all these species have been observed and examined. 
In the preparation of lists such as these it is often preferable to defer 
recording a species till ova-bearing specimens can be obtained, as there is 
always more or less risk of error in the discrimination of immature forms. 

Diaptomus gracilis has already been referred to as one of the more 
generally diffused and common of the fresh-water Copepoda, but two other 
species of Diaptomus have been observed which are less common, and 
these may now be referred to : — 

Diaptomus laciniatus, — Loch Doon is the only loch in which this species 
has been obtained. If it be safe to judge of its distribution by what has 
been observed in regard to its occurrence in that loch, D. laciniatus seems 
to be more affected by seasonal changes than some other of the fresh- 
water species. A number of specimens were obtained in a gathering 
collected in September 1897, but in those collected in December 1897 
and March 1898 not a single specimen was observed. When subsequently 
in the month of July following the loch was again tow-netted, Diaptomus 
laciniatus was found to be moderately common. Professor G. S. Brady 
has recorded a Diaptomus from Ireland which may probably belong to the 
same species, and, curiously enough, the loch in which this Irish Diapto- 
mus was discovered is also called Loch Doon. This species is quite 
distinct from any other British Diaptomus by having the last two 
segments of the thorax curiously produced at the sides. 

On Plate XIIL, figure 1 represents an adult female ; figure 2 shows one 
of the fifth pair of thoracic feet of the same specimen ; figure 3 represents 
one of the ^h pair in the male ; and figure 4 shows the last three joints 
of the right antennule of the male. 
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Diaptoinus hircus^ Brady, var. — A Diaptomtis, fi-equent in Loch Ness, 
Loch Oich, and Loch Lochy, which appears to represent one of several forms 
which agree in having a more or less close relationship with Diaptomus 
salimiSj Daday. There is a certain uniformity of structure in the fifth 
thoracic feet of the males of this group which indicates their relationship, 
but there is also a certain diversity between the different forms composing 
it, which, if it were constant, might constitute a satisfactory basis for 
the 8e[)aration of the various forms and for distinguishing the one from the 
other. It appears, however, that this diversity is not constant Speci- 
itiens are met with in which the characters of different forms seem to 
blend ; so that it is sometimes difficult to decide as to the species to which 
thev should be ascribed. It also lends support to the opinion that after 
all. these various forms, as in the case of certain Daphntoi to be referred to 
later on, may be but modifications of one variable type. For the present 
I am inclined to ascribe the Diaptomi from the three lochs mentioned to 
Diaptomus hircuSy Brady, as being the species to which they are most 
closely related, though differing in one or two points. For example, the 
appendage at the end of the third-last joint of the right male antennule 
is not fimbriated ; the protopodite of the left foot of the fifth pair in the 
male wants the finger-like hyaline appendage on the inner mnrgin ; and 
the last joint of the outer branches of the same pair of feet in the female 
is furnished with two sub-equal setae : these characters appear, however, 
to be more or less variable. A somewhat similar form of Diaptomus 
was obtained sparingly in Loch Katrine. Figure 5 on Plate XIII. repre- 
sents one of the Loch Oich specimens. It measured fully one and a half 
millimetres in length. Figures 6 and 7 represent one of the fifth pair of 
feet of the female and the male fifth pair ; and figure 8 shows the last 
three joints of the male right antennule. 

Diaptomus tvierz€jskit\ Richard. — One or two specimens, apparently 
belonging to this form, were obtained in Loch Achray, but the species 
appears to be very rare. One of the more obvious characters of this 
Diaptomus is the moderately large and serrated appendage at the end of 
the third-last joint of the right antennule of the male. D. wierzejskit is 
considered to be identical with D. serricoimisj Lilljeborg, but there seems 
to be some difference of opinion as to which of the two names should take 
precedence. Professor G. S. Brady has given the preference to Lilljeborg*s 
name,* but Dr. 0. Schmeil t has shown that though the two names were 
published within a very short time of one another, Richard's was really 
the first in the field. Both names were published in the same year and 
in the same volume, Richard's at page 53 and Lilljeborg's at page 157. 
D. loierzejskii is one of the Diaptomus salinus group. 

Thb HARPACTiciDiE. — Among the Harpacticidae observed in the different 
lochs there are a few that may be specially referred to here : — 

Gantlwcamptvs minutTis^ Glaus, though only recorded within recent 
years as a member of the British fresh-water fauna, is apparently a 
widely-distributed species in Britain. It was observed in each of the 
eight lochs composing the first series of those now under discussion. 

Canthocamptus inomatuSy a species described in one of the recent 
reports of the Fishery Board, has had its distribution still further extended 
by these researches. It was observed in four of the present series of lochs. 

Canthocamptus sctim^ilii^ MrAzek. — This interesting species, which was 
observed for the first time in Britain in Loch Leven, and some time 

* Reriaion of the British Fresh-water Cyclopidce and Calanidte, p. 36 (1891). 
t Deuti chlaads freilebende SiiHswanser— Copepoden, Part III., p. 55 (1896). 
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afterwards was obtained in Park Loch, near Campbeltown (Cantyre), has 
now also been obtained in Loch Lomond. It occurred in the shore gather- 
ing collected between Balmaha and the mouth of the Eudrick Water. In 
this gathering it was somewhat rare. 

CantJu)campttcs hirticomis. — This also was obtained in Loch Lomond 
in nearly the same locality as the last, but at a somewhat later date. C, 
hirticomis is sometimes observed in water that is more or less brackish. 

Attheydla dvihiei. — This Harpactid was described from Shetland 
specimens, but was subsequently discovered in a shore gathering of 
Entomostraca from Loch Leven, Kinross. This somewhat rare species 
was again observed in two of the shore gatherings from Loch Leven 
collected during the recent investigations. 

M or aria hrevipps (G. 0. Sars), which is a somewhat rare species in 
the lochs of Scotland, was observed in Loch Achray and Loch Doon, but 
appeared to be scarce in both lochs. 

Maraenobiotus vejdovskii^ Mrdzek. — This small J/o?*arta-like species 
was a few years ago added to the British fauna from specimens obtained 
in Loch Vennachar. I have now to record its occurrence in another 
Scottish loch — viz., in Loch Doon. It was observed in a shore gathering 
from that loch collected in December 1897. In Mar>ienohiotu8 the 
mandible-palp is almost obsolete, and in this respect it differs both from 
Meaochra and Moraria^ which |H>8ses8 a moderately developed one- 
branched mandible-palp. 

The species that compose the genus Cant/iocamptus appear to be a 
rather heterogeneous lot, and there seems to be good reason for not only 
removing some of them to Dr. Brady's genus Attheydla^ but for a still 
further subdivision of the group. 

The Ostbacx)da. — A few of the Ostracods obtained during the recent 
investigations may now be referred to : — 

Cypria exsculpta, Fischer. — This, which is one of a small group of 
laterally compressed Ostracods, differs from the more common Cypria 
compressa by having its shell ornamented with fine, close-set striae. 
Though observed in four of the lochs it is less common than some of the 
other species. 

Oypris ohliqua^ Brady. — This fine and distinct species has a moderately 
wide distribution, but is not very common. It has been obtained in only 
two of the lochs examined. 

Cypris incongruenSf Ramd. — ThisOstracod appears to be local and erratic 
in its distribution, occurring in some places in the greatest abundance, while 
in localities that appear to be equally favourable not a trace of it is to be 
found. On one occasion the species was observed in great plenty on the 
surface of some mud that had collected in the bottom of a large tank 
situated on the top of a sugar refinery in Greenock. How they got there 
is a mystery, as the only water that the tank contained was supplied by 
the clouds. ' 

Cypris pubera^ Miiller. — This is one of the largest, if not the Lrgest, of 
the British Ostracods. It occurred in only two of the lochs under consider- 
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ation — viz., Forfar Loch and Duddiugstou Loch. An interesting point in 
the distribution is that it does not appear to have yet been observed in 
any of the loohs on the west side of Scotland, though it has been 
observed in a few on the east side. 

Herpetocypris strigata^ Miiller. — This, which is also a fine and large 
species, appears to be somewhat restricted in its distribution. It was 
during the present investigations observed only in Loch Leven and 
Duddingston Loch. 

llyodromtis olivaceus, B. and N. — The distribution of this species appears 
to be also very restricted, though it may not be rare where it does occur. 
Like Cypris pubera^ it was obtained in Forfar Loch and in Duddingston 
Loch. It may be of interest to refer to a somewhat curious feature in the 
distribution of the two Ostracods Herpetoajpris atrigata and llyodromua 
olivaceus as regards their occurrence at Duddingston Loch. On the 
north-west shore of that loch — the part of the shore which is accessible to 
the public — there are several large boulders, and at the foot of one of 
them which is situated two or three yards back from the edge of the 
water, the soil has been excavated to a small depth along the front side, 
either by the feet of people who are wont to use the boulder as a seat, or 
by children digging about it. This hollow and the ground all round the 
boulder is dry and hard for two or three months during summer ; but 
from late autumn to spring the hollow is full of water which percolates 
into it from the rising ground behind. Yet in this hollow, which in 
summer is baked by the sun and trampled hard by the feet of people who 
use the boulder as a resting-place, and where it is difficult to conceive how 
anything could retain its vitality, I have fouud, year after year, in the 
early winter and spring, a considerable abundance of Herpetocypris 
strigata^ together with a certain admixture of Ilyodromus olivaceus. 
These are the only two species which I can remember having observed at 
this place ; and it often puzzled me to find out how they were able to 
survive the heat and drought of summer. Probably all the adults perish, 
but the ova will be better able to resist the extreme conditions to which 
they are exposed during the summer months. The two Ostracods referred 
to, though more or less common here, are seldom obtained in the loch 
itself. 

Ilyodromus rohertsoniy B. and N. — A number of specimens of this com- 
paratively rare species were obtained in Loch Doon. Its distribution, so far 
as known, appears to be restricted to a few lochs in Scotland. Herpetocypris 
sirigata, Ilyodromus rohertsoniy and Ilyodromus olivaceus show a certain 
gradation of form which is somewhat difficult to describe clearly ; but 
when actual specimens are compared, the one with the other, there is not 
much trouble in discriminating the different species. 

Cyproisflava, Zadd. — Duddingston Loch appears still to be the 6nly loch 
in Britain in which this species certainly exists, and it is interesting to find 
that the Cyprois is restricted to a comparatively small portion of the west 
end of the loch. Moreover, the species is not found, except, perhaps, 
rarely, in the loch itself, but in little pools in the marshy ground outside 
the extensive mass of tall reeds that fringe the shore at this part. At 
my last visit to Duddingston Loch I obtained specimens of the Cyprois 
at the same part at which it was found a good many years ago. 

CandoTia acuminata^ Fischer. — Specimens of this somewhat rare 
Ostracod were obtained in Loch Lomond, along with Candona fahctformxs 
and one or two other speciee. 
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Candona hyalina^ B. and R. — This Candona has been Known for a 
considerable number of years, but there was for a time some uncertainty as 
lo whether it were really distinct, or simply a form of some other species. 
Now, however, there seems to be little doubt as to its being a "good" 
species. Candona hyalina was obtained in four of the lochs recently 
examined — Loch Lomond, Loch Arklet, Loch Katrine, and Loch Doon. 

Darwintda stevensoni, B. and R. — This curious and somewhat rate 
Ostracod was observed iu only one loch — viz.. Loch Lomond — and was 
scarce in the only gathering in which it occurred. 

Cijtheridea lactistris^ G. O. Sars. — Loch Lomond was one of the two 
lochs in which this species was observed. C, lacustris has already been 
recorded for Loch Lomond by Professor G. 8. Brady and the late Dr. 
Robertson, but it is a species that is not very generally distributed. Its 
occurrence in Loch Leven has also been previously recorded. 

The Cladocera. — A number of species of Cladocera that are more or 
less interesting because of their rarity, their restricted distribution, or 
their remarkable tendency to variation, will now be referred to : — 

Sida crystalHna, Miiller. — This fine species was obtained in eight of 
the lochs examined. 

Diaphantjsoma hracliyurum^ Lievin.— Daphnella — the name by which 
this Cladoceran was known from Dr. Baird's time on till recent years, is 
now replaced by the somewhat clumsy appellation of Diaphanosoma, The 
representatives of this genus, which occurred in two of the lochs 
examined, appear all to belong to the form previously known as Daphnella 
lyracJiyura. 

HOLOPKDID/E. 

Holopedium gibherum, Zaddach. — This curious species was observed in 
five of the loclis, and in all of them it appeared to be more susceptible to 
seasonal changes than any of the other Entomostracan species. Though 
common or plentiful iu the summer or autumn months, it seemed to 
disappear entirely during winter. 

Daphnid.k 

Veriodaphnla Laticaudaia, P. E. Miiller. ^This somewhat rare species* 
was obtained in Forfar Loch in a shore gathering, and C. reticuiata 
occurred in the same loch, bnt in gatherings collected by tow -net. 

Cenodaphnia guadrangtUa (O. F. Mtiller) was observed in tow-net 
gjitheriugs from Duddingston Loch. Figure 55 on Plate VII. represents 
one of the Duddingston Loch specimens, and figure 23. Plate XIII. , 
represents the post-abdomen ot the same specimen. 

Scaphx)leb€ris mucronata^ O. F. Miiller. — This somewhat rare Cladoceran 
occurred in two of the lochs examined — the Dhu Loch (close by Loch 
Lomond) and in Forfar Loch, but it appeared to be somewhat scarce in 
both of them. 

DaphnuB sp. (Plate VII., figures 1-54.) 
The Daphnice obtained during the recent investigations have shown in 
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some instances a considerable diversity of form, which it may be of interest 
to refer to somewhat in detail ; and, in order to avoid as far as possible 
confusing one thing with another, I will consider separately the Daphnue 
observed in each of the lochs, with remarks, where necessary, on the 
relationship of the various forms observed. 

The study of these organisms has been more difficult than that of some 
of the other groups owing to the diversity of opinion that exists as to 
what forms should be considered "species "and what "varieties." In 
some instances the tendency to variation is so groat that though extreme 
forms when compared directly with each other seem to be "good " species, 
yet gradations between them may be met with, which prove more or less 
clearly that the two extreme forms are merely " forms " of one species ; this 
tendency to variation, which is specially evident in Daphnice from some 
of the lochs recently examined, makes their study both interesting and 
perplexing. In my notes of the Daphnim of the different lochs, I will be 
guided to some extent by Professor G. S. Brady's " Revision of the 
British Species of Daphnia and other Allied Genera," and the same order 
will be observed here in dealing with the lochs as is observed in the 
former part of this paper. 

It may be remarked further that the DaphniceYfiih crested heads (so com- 
mon in some of the lochs of the middle and north of Scotland, and which have 
been recognised as identical with Professor G. O. Sars' Daphnia galeata) 
have, in several of my previous papers on the invertebrate fauna of the 
inland waters of Scotland, been ascribed to Daphnia jardinii of Baird, 
because it seemed to me that Dr. Baird's short definition of his species 
(published in the Edinburgh New Philosophical Journal^ 1857) was quite 
auplicable to some of the forms of this variable species. Dr. Brady and 
also Professor G. 0. Sara appear, however, to regard Daphnia galeata 
and Daphnia jardinii as distinct ; yet, as Daphnia galeata shows so 
great a tendency to variation, it will not be very surprising if the form 
to which Dr. Baird's name has been restricted should, after all, prove to 
be but another variety of Sars' species, the product of some peculiarity in 
the environment, i.e., a slight difference in the chemical properties of the 
water, or in the general temperature, or in the food supply. But questions 
such as these can only be satisfactorily solved by a careful and systematic 
study of the life-history of the organisms concerned, and that can scarcely 
be done except in a properly-equipped laboratory. 

It might be useful if names were given to even a greater number of 
the remarkable forms of such a protean species as Daphnia galeata than 
has yet been done. A number of the prominent varieties of this form 
will be referred to when we come to discuss the Daphnice of Loch Ness, 
Loch Oich, and Loch Lochy. Meantime, I go on to consider briefly one 
or two points concerning the Daphnice observed in Loch Lomond. The 
Daphnice of the other lochs will be referred to in their order. 

The Loch Lomond Daphnice. (Plate VII., figures 34, 35, 51.) 

All the Daphnice contained in the various gatherings from this loch 
appear to belong to the one species — Daphnia lae/ustriSy G. 0. Sars. 
Professor G. S. Brady, who kindly examined some of the specimens from 
this loch, considered tlieni to belong to that species. A few of the Loch 
Lomond specimens present what appeai-s to be an interesting departure 
from the normal form of D. lacusti'is. The adnlt female, according to 
the description of the species, has no tooth on the top of the head or even 
on the dorsal aspect near the top. " The presence of a vertex tooth is a 
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character of the young only, but disappears altogether in the adult.'^ * 
Among the Loch Lomond specimens collected near Balmaha there are a 
few adult females — or, at any rate, females carrying pseudova — which are 
furnished with a distinct tooth near the top of the head and a little 
towards the dorsal aspect ; one of the specimens is represented by figure 
34, Plate VILt This specimen is, with the exception of the tooth, similar 
to the more common form without a tooth, of which figure 35 is an 
example. It is not uncommon to find young Daphn/ce provided with a 
tooth; but the present specimen is of more interest seeing that it is 
apparently an adult female. Another female with pseudova has the tooth 
bidentate (figure 34a). The toothed form appears to be rare in Loch 
Lomond, the other with the evenly -rounded head being the more common 
one. No male Daphnice were observed in this loch. 

The Daphnim of Loch Arklet. (Plate VIL, figures 40, 45, 45a.) 

The Loch Arklet Daphnice has been identified by Professor Brady as 
Daphnia longispinay O. F. Miiller, and as probably belonging to the 
variety aquiliiia^ G. O. Sars. Professor Sars, however, describes his variety 
as a variety of D, lactistris^ and it would almost seem as if that were the 
more probable relationship. I have already stated that the Loch Lomond 
Dap)linia has been identified as D. lacustris ; and if, in connection with 
that, it is remembered that the overflow water from Loch Arklet falls into 
Loch Lomond, it is not unreasonable to suppose that the Daphnice of the 
two lochs should be more or less closely related. There is, no doubt, a 
certain amount of difference between the typical Loch Arklet female 
Daphnia and the typical Loch Lomond female ; but it is a difference 
which might be produced by the difference in the habitat of the two 
forms. The most obvious difference between the Daphnice of the two 
lochs is in the contour of the heads of the females. In the Loch Arklet 
female the dorsal curve of the head is not so bold as in that of the female 
from Loch Lomond, and the head is also proportionally somewhat shorter 
when compared with the entire length of the body, as shown by the 
figures (figures 35 and 40). In the specimen figured (figure 40) the 
number of preanal spines is fourteen, and the post-abdominal processes are 
small (figure 45). In another and slightly larger specimen the preanal 
spines number sixteen, and the processes are moderately elongate (figure 
45a). It may also be remarked that an adult female Daphnia from Loch 
Lomond carried fourteen preanal spines and possessed long post-abdominal 
processes — both of which characters are by no means uncommon among 
the Loch Lomond Daphnice — thus indicating still more clearly the 
relationship of the Daphnice of the two lochs. 

Th" Dap/iniw of Loch Katrine. 

The Daphnice observed in Loch Katrine belong to D. gcUecUa, G. O. 
Sars. They did not exhibit such a variety of form as those of the same 
species from some of the other lochs which will be referred to, but 
resembled generally the form represented by figure 10, Plate VIL No 
male Daphnia were observed in this loch. 

* "Revision of the British Species of Daphnia" (p. 232). 

t This is probably the form described by Dr. Richard in his Revision des Cladoc^res 
(Ann. d. sc. Nat. Zool., 1896, p. 307, pi. xxiv., fig. 4) as Daphnia iacustru, var. vicina. Dr. 
Richard's specimens of this variety, which were obtained in Loch Leven Kinross are con- 
sidered by Dr. Brady to be merely the young of the species named ; whether that be ao 
or not, there can be no doubt that the form referred to here as possessing a vertex tooth 
is to all intents and purposes "adult " 
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The Daphniw of Loch Achray. (Plate VII., figures 22, 53.) 

Loch Achraj, as already stated, receives most of its supply of water 
from Loch Katrine, and probably the Daphnicb found in it have been 
introduced with the water from that loch. They belong to the same 
species, but exhibit, perhaps, somewhat greater variation. It is interest- 
ing to note that the Uaphnice of Loch Vennachar — which receives the 
overflow water from Loch Achray — appear to belong to Daphnia galeata. 
Though hundreds of specimens from each of the three lochs — Loch 
Katrine, Loch Achray, and Loch Vennachar — have been examined, none 
were observed that could satisfactorily be ascribed to any other species 
than the one named. This circumstance seems to favour the opinion that 
the Loch Arklet and Loch Lomond Daphnice are but forms of the one 
species — viz., of Daphnia lacustris. 

A few male Daphnicb were observed in the Loch Achray gatherings, 
and one of them is represented by figure 22. 

The Daphnue of Forfar Loch. (Plate VII., figures 23-28, 49.) 

In this loch the Daphntatf which were very plentiful, appeared all to 
belong to the one species — D, lacustris, A considerable proportion of 
the young were furnished with a tooth on or near the top of the head, 
as shown by figure 24 ; while the usual form of the adult females con- 
tained in the different gatherings is that represented by figure 23. A 
certain amount of variation was observed. This variation included a 
slight difference in the form of the head and in the length of the posterior 
spine ; figures 25, 26, and 27 represent a few of these diflferences. The 
specimen represented by figure 26 has a very short posterior spine; while 
in that represented by figure 27 the spine is obsolete. It will also be 
observed that figures 25 and 26 are ephippial females which possess a 
distinct bulge at the base of the posterior spine — a feature which is said 
to be characteristic of Daphnia longispina. Moreover, the usual number 
of preanal spines in the adult females is thirteen, but the number varies 
in some specimens to twelve and fourteen ; the abdominal processes in 
many of the specimens are also comparatively short (figure 49). In fact, 
the Forfar Loch Daphnim possess characters which seem to indicate a 
relationship with 1), longispina, whilst others show as distinct an affinity to 
D. lacustris. Figure 28 represents one of the male Daphnicn observed in 
Forfar Loch. It has in many cases been noticed that the young Daphnia, 
when about to leave the protection of the parent, has no tooth on the 
head. A tooth appears, however, to he developed at a very early stage 
in the growth of the specimens, and to be lost before maturity is reached. 
No adults furnished with a tooth have been observed among the Forfar 
Loch DapJinicB] the tooth observed on the young was usually bideutate. 

The Loch Leven Daphnim. (Plate VII., figures 29-33.) 

Loch Leven is another of the lochs recently examined in which 
Daphnice are very abundant. In my paper on the invertebrates of this 
locii (published in the Ninth Annual Report of the Fishery Board), I 
ascribed the Loch Leven Daphnia to D. longispina, but they are now 
referred to D. lacustris; it is reall}' doubtful, however, if there is a single 
character that can be laid hold of that is not, under varying conditions, 
common to both. After the examination of many hundreds of specimens 
there ia only one mark which may be considered as belonging to D, 
lactLstiis — viz., the presence in the young of a tooth on or near the top of 
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the head. Yet even this is a doubtful character ; for specimens may be 
obtained in this loch both with and without the tooth which are other- 
wise identical (figures 32, 33). Figure 29 represents a very common 
form among the Loch Leven Daphnioi; while figures 30 and 31 represent 
specimens in which the posterior spine is almost or altogether obsolete. A 
few males were observed in the gatherings from this loch collected in 
December. 

The Daphnice of Duddingston Lock (Plate VIL, figures 41-44, 44a, 

46, 54.) 

Daphnia hyalina, van pdlucida, P. E. Miiller, is recorded by Dr. 
Brady from Duddingston Loch, which appears to be the only loch in 
Britain where this variety has been observed. As the distribution of this 
form appears to be so restricted, the following description of the female, 
transcribed from Dr. Brady's Revision already referred to, may be of 
interest : — 

^^ Female. — Outline as seen from the side subovate, with a very long, 
slender, and slightly curved spine. Head occupying about one-third of 
the length of the body, well-rounded in front, ventral margin straight or 
very slightly sinuated, and terminating in a slighily produced beak ; 
dorsal border of the shell forming a continuous very gentle curve, some- 
what flattened in the middle ; ventral margin rather boldly convex. The 
post-abdominal spines are slender and simple, except for a fringe of 
excessively delicate setsB, progressively increasing in size from behind 
backwards ; dorsal abdominal processes obsolete. Eye rather large, placed 
near the centre of the head ; between it and the rostrum is generally 
visible a minute eye-spot. Shell often very distinctly chequered ; in other 
cases nothing but a granulated structure is visible. Length, l'8mm.; 
height, •9mm.'* 

During the four occasions on which Duddingston Loch was examined 
no satisfactory examples of the variety described above were observed. 
The Daphnice that were collected showed a certain amount of variation in 
the general outline, in the length of the posterior spine, in the number of 
preanal teeth on the post-abdomen, and in the development of the post- 
abdominal processes. Some of the more or less immature specimens 
resembled somewhat the variety described by P. E. Miiller, but the most 
common appearance assumed by the adult female is that represented by 
figure 41. The post-abdomen of this specimen is shown by figure 46. 
The length of this specimen, exclusive of the posterior spine, is about 
r9mm. ; but it measures, including the spine, 2*5mm. The head is a 
very little more than a fourth of the total length of the body. The pre- 
anal spines are ten, but in some specimens they amount to fourteen. The 
abdominal processes are moderately developed, and the post-abdominal 
claws are similar to those of D, lacustris or D. longispina. I have not, so 
far, observed any of the young with a vertex tooth. Male specimens were 
not very rare in the gathering collected in September last, and one of 
them is represented by figure 43. Had the young been furnished with a 
vertex tooth, I would have been inclined to ascribe the Duddingston Loch 
Daphnia captured in our tow- nets to I), lacustris ; but as no young pos- 
sessing such a tooth have been observed, the species with which they most 
closely agree is D, longispina. Figure 44 represents the head of a not 
very mature specimen, and figure 44a its abdominal processes. 

The Loch Doon Daphnim. (Plate VIL, figures 36, 39, 50.) 
The Daphnice of this loch are of a somewhat peculiar form that appears 
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to be identical with Daphnia tontjispiiui^ var. nastUa, G. O. Sara. Loch 
Doon appears to be the only British loch in which this variety has been 
observed. It is the only Daphnia that I have noticed in the Loch Doou 
gatherings, aud in one or two of them it was moderately common. A 
slight variation is observable in some of the specimens, especially in the 
contour of the h(3ad, but otherwise the form is a very constant one. 
Figure 36 represents one of the more common forms. The head, seen 
from the side, is narrowed anteriorly, and the ventral margin is slightly 
convex, but more distinctly so immediately anterior to the beak. The 
dorsal margin is boldly curved anteriorly ; it then extends in a nearly- 
straight line to a little beyond the middle of the body, and thence curves 
gently to the base of the posterior spine. The ventral margin from the 
beak to the base of the posterior spine is prominently arcuate. The head 
is equal to about a fourth part of the entire length of the body. The 
posterior spine is of moderate length, but the length varies somewhat in 
different specimens. The specimen represented by figure 37 is somewhat 
larger than the one just referred to, and has the front and dorsal margins 
of the head .slightly concave. A male specimen which has the head more 
evenly rounded, and possesses a l(»nger posterior spine, is represented by 
figure 38. The preanal spines of the post-abdomen figured (fig. 50), which is 
that of a female, number thirteen ; but tho number varies to a small 
extent in different specimens. The terminal claws are slender and of 
moderate length; and the abdominal processes, which in the specimen 
figured (fig. 50) are moderately developed, have also a slight tendency 
to variation. Figure 39 shows a front view of a male specimen. 

The DaphnitH of Loch Ness, Loch Oich, and Loch Lochy. 
(Plate VIL, figures 1-21, 47, 48, 52.) 

The DaphnicB observed in these three lochs, though exceedingly variable 
in form, appear all to be referable to the one species — I), galeata. Figure 
1, which represents one of the largest and finest of the forms observed in 
Loch Oich, measured about 3 '4 mm. (fully ^th of an inch) in length. 
This is a common form in Loch Oich, but there are quite a number of 
variations. Figures 2 and 3 represent two of these variations in which 
the crest, though pointing forward as in figure 1, is scarcely so much pro- 
duced ; while in figure 3 the beak is more produced than it is in figures 
1 and 2. In figures 5 to 8, which represent other variations, the crest 
assumes a more or less upright position. In figure 6 the head has the 
form of an equilateral triangle. In tigure 4, on the other hand, the beak 
is somewhat prominent, but the head has lost its pointed form and becomes 
somewhat rounded. Figures 18 to 20 represent another set of variations 
in which, though the head be somewhat similar to that shown by figures 
1 to 3, the posterior spine is either very short or obsolete. All the figures 
just referred to were prepared from Loch Oich specimens and represent 
adult females, i,e., females with pseudova or embryos, or in which an 
ephippium was in process of development. Figure 17 represents a Loch 
Oich male. Many of these were examined ; but while variation among 
the females was almost unlimited, there was very little variety of form 
observed among the males ; and in no case was a male specimen observed 
with a rounded head. Every one of the specimens noticed was furnished 
with a pointed crest ; even the immature specimens possessed it. Where 
any difference was observed among these male specimens, it was limited 
very much to the prominence in front of the eye being more arcuate in 
some than in others. 

In figures 11 to 16 a somewhat diflferent group of variations is repre- 
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seated ; these figures were prepared from Loch Ness and Loch Lochy 
specimens. In the Loch Oich Daphnue the predominant type of head, 
whether it be acutely or bhintly crested, and whether the crest be upright 
or inclined, is in its general outline more or less triangular ; whereas the 
usual form of head met with among the Loch Ness and Loch Lochy 
Daphnicb is more or less flat and rounded, and where a crest is developed 
it usually starts more or less abruptly from the broadly rounded head ; 
figures 11 and 12 may be cited as examples. There is, of course, some 
overlapping of the variations in the several lochs ; still it seems to be the 
case that while in Loch Oich the triangular and gradually tapering form 
of head is the more general form, the broadly rounded and abruptly 
apiculate head is more typical of the Daphnice of Loch Ness and Loch 
Lochy. These differences, however, have only been observed amongst 
the females. The males that have been observed in Loch Ness and Loch 
Lochy are identical iu form with those observed in Loch Oich ; and the 
remarks on the variations noticed in the males of that loch are equally 
applicable to those of the other two. It may be added that figures 15 and 16 
represent forms closely resembling that on Plate IX. of Dr. Brady's 
"Revision" already referred to, and described by him as D. galeata var. 
ohtusifronSy G. O. Sars ; but Dr. Brady, referring to this variety, says : 
** I can scarcely think that this form is a permanent one, or that it repre- 
sents more than a transitory condition." Still the distinguishing by name 
of the different gradations observed should be useful for reference. It is 
by no means singular that there should be some difference between the 
forms of individuals from Loch Ness and Loch Lochy and those from 
Loch Oich, when the physical conditions of Loch Oich are taken into 
account, and when they are compared with those of the other two lochs. 
Loch Oich is comparatively a small loch ; its average depth is considerably 
less than that of the other two ; and it is also more sheltered. Moreover, 
its surface is broken up by several small islands and headlands, and its 
range of temperature is greater. All these differences will doubtless 
react to some extent on the fauna — at least, on the pelagic fauna — of the 
loch ; and those organisms that are more readily affected by such differences 
will exhibit variations more or less obvious. And if, taking into account 
the physical contrasts referred to, the occurrence of certain modifications 
in the form ol those organisms more readily affected by such differences 
should not be considered remarkable, neither need it be considered strange 
that the Daphnuc of these lochs, and especially of Loch Oich and Loch 
Ness, should belong to the same species ; for the direct overflow of Loch 
Oich by the River Oich is into Loch Ness, and therefore a more or less 
close identity of species may reasonably be expected to exist between them. 
Another point that should be remembered is that a considerable amount 
of Loch Oich water finds its way into Loch Lochy by means of the 
canal ; but how far this may have an influence in equalising the fauna of 
these two lochs may be a somewhat more diflicult question to solve. It 
is very probable, however, that the continual daily movement of Loch 
Oich water south-westward into Loch Lochy via the canal will have a 
tendency to transport some, at least, of the free-swimming forms from the 
one loch to the other, and thus extend the distribution of such species. 

There is still another point that may be noticed before passing on from 
the consideration of the Daphniw of these lochs. Glen Garry, Avhich 
extends in a nearly east and west direction, terminates at Loch Oich, and 
the River Garry, which flows through the glen, empties itself into that 
loch. This river passes in its course through two small lochs — Loch 
Quoich, near the west end of the glen, and Loch Garry, near the east end. 
Indeed, one would not be far wrong in considering these lochs as being 
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merely expansions of the river. Now, reasoning by analogy, one would 
be inclined to presume that the DaphnioB of these Glen Garry lochs would 
very likely belong to the same species as those of Loch Oich and Loch 
Ness — and we have no reason to suppose that they are not the same 
species. I am aware that some specimens of Daphnia which the Rev. 
A. M. Norman collected in Loch Garry have been ascribed to a dififereut 
genus and species {Hyalodaphnia kaldhergensis^ Schoedler); but Dr. 
Brady, while so far recognising this identification, refers to the characters 
relied upon for the discrimination of this form as being " very doubtful," 
and adds : " Some of the helmeted forms — as, for instance, D. galeata — 
have always a small, though distinct, eye-spot, but are in other respects so 
closely similar to 1). kaldbergensis as to be with difficulty distinguished. 
Under these circumstances SchcBdler's generic name seems of questionable 
value, and it may even be doubted whether all the members of the 
helmeted group should not be looked upon as mere varieties of one very 
protean species." Had Loch Garry been entirely separated from Loch 
Oich (as Lough Erne is from Melvin Lough in Ireland, whence some 
helmeted specimens have been sent to Professor Brady), there would have 
been more reasonableness in the supposition that the Daphnice of the two 
lochs were more or less distinct. However, seeing that a considerable 
stream of water passes through Loch Garry, and after a course of a few 
miles falls into Loch Oich, and also that Daphnim are decidedly pelagic 
in their habits, and therefors liable to be transported from one loch to 
another — especially when lochs and rivers are in flood — it will be of con- 
siderable interest if it can be satisfactorily proved that a species of 
Daphnia exists in this small Glen Garry loch distinctly different from 
that observed in Loch Oich. I am rather inclined to think that if a 
large series of the Loch Garry specimens were examined, as has been 
done in the case of Loch Oich, they would be found to be specifically 
identical with those of that loch. 

But the more interesting points in any discussion on the Daphnice of 
these lochs are not so much questions as to whether certain modifications 
should be regarded as being of specific or non-specific value, for the great 
tendency to variation exhibited by this particular group of organisms is 
so great, scarcely any of the several characters that have at one time or 
another been selected as affording a means for discriminating between the 
different forms can be relied upon as satisfactory; hence what may be 
regarded as a species or a variety is, in not a few cases, simply a matter 
of opinion. A more interesting point is the striking evidence which 
these variations furnish of the apparent susceptibility of DaphnioR to the 
influence of the changes that may occur in their environment. Another 
point, and one which has already been touched upon, is whether the various 
forms of Daphnia living in the same loch, or in a series of lochs of limited 
extent and communicating directly the one with the other — as Loch 
Katrine, Loch Achray, and Loch Vennachar — should all be considered 
forms of one species ; or whether there is satisfactory proof that two 
or more species of Daphnia may be, or have been, obtained under such 
conditions. It is possible that in the large fresh-water lakes of Conti- 
nental Europe — lakes which, when compared with the lochs of Scotland, 
might almost be denominated inland seas — more than one species of 
Daphnia is to be found ; but in the examination of the Scottish fresh- 
water lochs, which has now been carried on for several years, I have so 
far obtained no satisfactory evidence to show that more than the one 
species is to be found in the one loch, or in a series of lochs directly 
connected with each other as in the example cited above. 

The figures of Daphnia on Plate IV. represent female specimens 
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carrying pseudova or embryos, or which are developing ephippia, except 
where otherwise stated. It is not pretended, however, that the specimens 
are all equally mature. Daphnice begin to bear pseudova at a compara- 
tively early stage of development, and may, in the course of subsequent 
stages, become altered in form ; they may develop larger abdominal 
processes, and the number of preanal spines may be increased. All this 
emphasises the need for extra carefulness, in dealing with such forms, not 
to place undue value on characters so unstable as these are. 

As regards seasonal distribution, Daphnia seems to be less affected by 
the changes incidental to the different seasons than some of the other 
entomostracan species appear to be. In the larger lochs the variation of 
these organisms in regard to number was found to be usually very little 
for the different seasons; and even in lochs of less dimensions — as Forfar 
Loch, Loch Leven, and Duddingston Loch — the Daphnice, though some- 
what less numerous in winter than in summer, were still comparatively 
common. But while the distribution of Daphnia is fairly constant in 
large sheets of water and even in lochs of moderate size, it is sometimes 
different in the case of small bodies of water. In ponds, tarns, etc., 
Daphnice occasionally exhibit some curious vagaries in regard to their 
distribution. Prolonged dry or wet weather causes greater extremes in 
the quantity of water present in such ponds and tarns than it does in the 
larger lochs, and to this probably is due the erratic distribution referred 
to.* The following is a brief narration of an example of this erratic dis- 
tribution of Daphnia which last year came under my own observation. 
Some time during the summer of last year I was informed by a friend that 
Entomostraca were common in an artificial pond in the vicinity of Edin- 
burgh. I visited the pond on 3rd July and found Daphnia ptUex abundant 
Many of them were carrying pseudava, and males and ephippial females 
were plentiful, but few other species were observed. On the 25th of 
August following I made another visit to the same pond. The weather 
during the interval had been dry and warm ; little or no rain had fallen, 
and the quantity of water in the pond had become greatly reduced. It 
might have been thought that in these circumstances the Entomostraca 
would have become more crowded together and that a larger catch would 
be obtainable than on the previous visit. The actual result ivas, however, 
very different. It was found that Entomostraca were few, and that 
Daphnia had entirely disappeared ; not a single specimen was obtained 
though a more careful examination was made than on the former visit. 
The interval between the two visits was seven weeks and three days. 
This, however, can hardly be called an example of seasonal distribution. It 
simply shows that in limited areas certain forms of Entomostraca may be 
so affected by temporary physical changes as to cause, for a time at least, 
their entire disappearance. 

LYNCODAPHNIDiE 

LcUhonura redirostrisy 0. F. Mtiller. — This rare species was obtained 
in two of the lochs examined — viz.. Loch Doon and Loch Achray — but 
it occurred in only one of the gatherings from each of these lochs. 

Streblocercus miniUuSy G. O. Sars. — The Dhu Loch (at the side of 
Loch Lomond) was the only place where this rare Cladoceran was observed. 
Only a few specimens have been obtained ; but it is a very small species 
and may readily be overlooked. 

* Such variations in tho weather as described will occasion considerable changes in the 
temperature of small bodies of water, nnd this also will have a certain influence bearing 
on the distribution of tho fauna and flora. 
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Drepanothrix dejitata (Euren) was also obtained in the Dhu Loch, as 
well as in Loch Arklet, Loch Achray, and Loch Doon. This species 
appears to have a wide distribution in Scotland. 

AcantJwleheris curvirostris, 0. F. MUller. — This also was observed in 
the Dhu Loch and in Loch Arklet; but these are the only two of the 
present series of lochs in which it occurred. 

Lynchid^. 

Camptocercus redirostiiSy Schoedler. — The Camptocercus that has been 
observed in four of the lochs under consideration appears to be the form 
that has been described by Schoedler under the name of Camptocercus 
rpxttrostrisf and which is referred to under that name by Herrick in his 
"Crustacea of Minnesota." Figure 56, Plate VIL, represents one of the 
specimens from Loch Doon, the post-abdomen of which is represented by 
figure 57. The figure of the post-abdomen of the Camptocercus in Dr. 
Baird's classical work agrees very closely with that of the form described 
by Schoedler. In this form the spiniferous margin of the post-abdomen 
slopes away gradually from the base of the claw ; but in the form which 
seems to be generally considered as the Lynceus macru7ti8 of O. F. Miiller 
(now Camptocercus macrurtis)^ the post-abdomen is of moderate depth 
throughout, the margins towards the claw are nearly parallel with each 
other, and the slope at the base of the claw is abrupt or nearly subtruncate. 

Leydigia quadrang^daris^ Ley dig. — This is a rare Cladoceran in Scot- 
land, though it appears to have a fairly wide distribution. Forfar Loch is 
the only loch of the present series in which it was obtained. A few years 
ago I had the privilege of submitting specimens of this form to Professor 
G. O. Sars, who confirmed the identification of the species. In this form 
the terminal claw of the post-abdomen is furnished near the base with a 
distinct, though small, spinule. Figures of the species are published in 
Part I J I. of the Ninth Annual Report of the Fishery Board for Scotland. 

Alona tenuicavdis, G. 0. Sars. — This also is comparatively a rare or local 
species. It was observed only in Duddingston Loch, but it occurred in three 
out of the five gatherings from that loch, and was frequent in two of them. 
The post-abdomen in this species somewhat resembles that of Alonopsis, 
but its armature is very different. 

Alona intermedial G. 0. Sars. — The Lynceid, which I have described 
under the name of Alona necjleda* appears to be the Alona intermedia 
of G. O. Sars ; while the Lynceid recorded as Alona intermedia from 
various parts of Scotland t and England X is the Alona rectangida of G, 
O. Sars. Alona intermedia {A. ncglecta, mihi) occurred in four of the 
lochs of the present series, but was scarce in all of them. It is a small 
species and readily overlooked, and may therefore appear rarer than it 
really is. 

Alona nisfica, T. Scott. — It appears from recent investigations that this 
is a widely distributed species in Britain. It has been obtained in Shetland, 

* ThirteeTUh AnnwU Report of the Fishery Buai-d for Scotland, Part III., p. 189, 
Plate v., figures 4, 18. 

t Annual Reports of the Fishery Board for Scotland, Part III., 1896, p. 188 ; 1896, 
p. 237 ; 1897, p. 333 ; and 1898, p. &2. 

:J:"Tho Entomostraca of Epping Forest," by D. J. Scoiirfield, in The Essex 
Naturalist, Vol. X., p. 319, 1898. 
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in various parts of the mainland of Scotland, and Mr. Scourfield (lac. cit.) 
reports its occurrence as far south as Epping Forest. A. tnistica has 
been obtained in Loch Lomond, Loch Arklet, Loch Achray, and Loch 
Doon, but was somewhat rare in each of them. 

Alondla exigtta, Lilljeborg. — The Alondla which I have here, and in 
previous papers on the fresh-water Entomostraca of Scotland, recorded 
under the name of Alonella exigua belongs to the form known as 
Alonella exctsUy G. O. Sars. The shell of this Lynceid has the inter- 
spaces formed by the reticulations ornamented with numerous very delicate 
striae. In recording this Lynceid under Lilljeborg's rather than under 
Sars* name, I follow the authors of the "Monograph of the British 
Entomostraca belonging to the Bosminidse, Macrothricidse, and Lynceidse," 
who regarded both as forms of the one species, and accordingly gave the 
preference to the older name. It may be that both forms are distinct, 
and if they are so these Scottish Alonellas ought to be called Alonella 
excisa. This Alonella was moderately frequent in some of the gathetings. 

Harpw'hynchus falcatus, Q. O. Sars. — This curious Lynceid was 
observed in five of the lochs examined — Loch I^omond, Loch Arklet, 
Loch Katrine, Loch Achray, and Loch Doon. It is perhaps a more 
widely distributed species than it was at first thought to be. 

Ohydorus globostts, Baird. — This fine species occurred in only two lochs 
— Loch Lomond and Loch Achray. Though its distribution extends to 
the Shetland Islands, it does not appear to be very common. 

Ohydorus calatuSj Schoedler. — This very small form was observed in 
five of the lochs examined. 

Cliydorus (?) latus and Ohydorus (?) ovalis are two doubtful forms 
which may probably be only the young of Ohydorus globosus. 

MonospUus tenutrostriSf Fischer. — This curious and rare Cladoceran waa 
observed in Loch Lomond, Luch Achray, and Loch Leven. It has been 
known as a member of the Loch Leven entomostracan fauna for a good 
many years — at least since 1890. 

POLYPHEMIDiE. 

Dytliot replies longimanus, Ley dig. — BythotreiJies has occurred in all but 
two of the eleven Scottish lochs recently examined. It seems to have a 
wide distribution among the lochs of the mainland, but it has not been 
observed in any of the lochs of the Outer Hebrides that I have examined, 
nor in those of Orkney or Shetland. 

Leptodora hyalina^ Lilljeborg. — This entomostracan occurred in each 
of the lochs in which Bythotrephes was obtained, and it was moderately 
common in several of them. Leptodora, like that species, has not been 
observed in the Outer Hebrides or in the Orkney or Shetland Islands ; but 
its distribution on the mainland extends from the South of Scotland north- 
ward as far at least as Loch Ness. A careful examination of specimens 
from various lochs and of various sizes and stages of development has 
been made in order to ascertain if more than the one species existed in 
Scotland, but it has failed so far to bring to light any other form than 
the well-known Leptodora hyalina. 
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DESCRIPTION OF THE PLATE. 



PLATE VII. 

Daphnia galeata. G. 0. Sara. 

Fig. 1. Female, side view, Loch Oich . . . . x 20. 

Fig. 2. ,, head, side view, to show variation in form of head, Loch Oich x 20. 

Fig. 3. „ „ „ „ „ „ X 20 

Fig. 4. „ „ „ „ „ .. X 20. 

Fig. 5. „ „ „ „ „ „ X 20. 

Fig. 6. Female, side view, Loch Oich . . . . x 20. 

Fig. 7. ,, head, side view, to show variation in form of head. Loch Oich x 20. 

Fig. 8. „ „ „ „ „ ,, X 20. 

Fig. 9. ,. side view. Loch Oich . .... x 20. 

Fig. 10. ,, ,, common form, Loch Oich . . x 20. 

Fig. 11. ,, head, side view, a common form. Loch Ness . x 20. 

Fig. 12. ,, „ ,, another common form. Loch Ness . x 20. 

Fig. 13. ,, side view, another specimen, with large eye. Loch Ness . x 20. 

Fig. 14. ,, „ to show slightly different beak, Loch Ness . x 20. 

Fig. 15.* ,, head, side, view, with head rounded, eye sub-central, 

Loch Ness . . . . . . x 40. 

Fig. 16.* ,, head, side view, with head rounded, eye near the top of the 

head, Loch Neas . . . x 40. 

Fig. 17. Male, side view, Loch Oich . . . x 20. 

Fig. 18. Female ,, with posterior spine nearly obsolete, and showing 

slight bulge at base . . . x 20. 

Fig. 19. ,, ,, another specimen with still shorter spine, Loch 

Oich x 20. 

Fig. 20. ,, ,, another specimen, without jwsterior spine, Loch 

Oich X 20. 

Fig. 21. ,, ,, another specimen, without crest, posterior spine 

nearly obsolete, Loch Oich . x 20. 

Fig, 22. Male, side view, Loch Achray . . x 20. 

Fig. 47. Post-abdomen, female. Loch Oich . . x 60. 

Fig. 48. „ „ ,, Loch Ness ..... xl60. 

Fig. 52. Antennnle, male, Loch Oich . x 160. 

Fig. 53. ,, „ Loch Achray ... • . x 160. 

* Figs 16 and 16 agree with var. obtusifrons^ (i. 0. Sars. 
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Fig. 24. Female (juv.), with vertex tooth, Forfar Loch . . x 63. 

Fig. 26. ,, side view, with bulge at base of posterior spine, Forfar 

Loch . . . X 20. 

Fig. 26. ,, side view, also with bulge, but posterior spine very short, 

Forfar Loch . x 20. 

Fig. 27. Female, side view, with posterior spine obsolete, Forfar Loch x 20. 

Fig. 28. Male ,, Forfar Loch . x 40. 

Fig. 29. Female ,, a common form, Loch Leven . . x 20. 

, , posterior spine nearly obsolete, Loch Leven x 20. 

>» i> M »i • .X 20. 

(juv.), with vertex tooth. Loch Leven . . x 40. 

,, without vertex tooth, Loch Leven . x 32. 

aide view, adult, with vertex tooth, Loch Lomond . x 26. 

Fig. 84a. Bidentate vertex tooth of another specimen. Loch Lomond x 26. 

Fig. 35. Female, side view, a normal form. Loch Lomond . . x 26. 

Fig. 49. Post abdomen of female, Forfar Loch . . x 60. 

Fig. 61. , ,, ,, Loch Lomond . x 80. 



Fig. 


30. , 


Fig. 


31. , 


Fig. 


32. , 


Fig. 


33. , 


Fig. 


34. , 



Dajthnia longispina, var. licksutaf G. 0. Sars. 

Fig. 36. Female, side view. Loch Doon . . x 26. 

Fig. 37. ,1 M (another form), Loch Doon . x 26. 

Fig. 38 Male ,, Loch Doon . . . . x 26. 

Fig. 39. ,, front view. Loch Doon, enlarged .... 

Fig. 60. Poat-abdomen of female, Loch Doon . . x 60. 



Daph/tia {?) longMpinaf var. aquUina^ G. 0. Sara. 
Fig. 40. Female, side view, Ivoch Arklet . x 19. 

Fig. 45. Post-abdomen of female. Loch Arklet . x 60. 

Fig. 46a. Post abdominal proces.ses of another specimen. Loch Arklet, enlarged. 



Daphnia {?) longispina^ var. (!). 

Fig. 41. Female, side view of a common form, Duddingston Loch . . x 20. 

Fig. 42. ,, ,, without posterior spine, Duddingston Loch x 20. 

Fig. 43, Male ,, Duddingston Loch . . x 34. 

Fig. 44. Head of a scarcely mature female, Duddingston Loch . . x 64. 

Daphnia laeustris^ G. 0. Sars. 

Fig. 28. Female, side view, a common form, Forfar Loch • . x 20. 

O 
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Fig. 44a. Post-abdominal processes of the same specimen . x 96. 

Fig. 46. Post-abdomen of female (fig. 41), Duddingston Loch . x 96. 

Fig. 54. Antennule of the male, Duddingston Loch, enlarged 



Fig. 55. CeiHodaphnia quadrangulaf side view, Forfar Loch . x 53. 

Fig. 66, Camptocercus rectirostrU^ side view, Loch Doon . . x 20. 

Fig. 57. Post -abdomen of C. r$ctiro8tri8t Loch Doon. . . x 95. 
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IV. REPORT ON THE OPERATIONS AT DUNBAR MARINE 
HATCHERY DURING THE SPRING SEASON 1898. By 
Harald C. Dannevig. Plate VIII. 

During the spring season of 1898 the hatching of plaice was carried 
out on the same lines as in the previous years, and under much the same 
conditions. The collection of the spawning fishes was begun on February 
8th and continued till the middle of March, when 725 adult male and 
female plaice had been received. Having been procured from steam 
trawlers, the bulk of the fishes exhibited the same characteristic features as 
have been described in previous reports, and they were not all equally 
well suited for spawning purposes. While some succumbed to the 
injuries received during their capture and transport, others that were in 
a healthier condition soon began to produce eggs. 

The collection of impregnated eggs was carried out in the spawning 
pond from the middle of February to May 7th, when altogether 
21,510,000 had been collected and transferred to the hatching boxes. 
Of this number 19,200,000 were successfully hatched, while the rest, or 
10*7 per cent., died during the process. The daily progress of the 
hatching work, and the records of the temperature of the air and of the 
water in the pond and in the harbour, will be seen from Table I. 



Table I. 



—Showing the Daily Progress of the Hatching Work and 
THE Temperature op the Air and the Water in the 
Harbour and in the Spawning Pond. 



Date. 


Number 
of Eggs 
collected 


Number 
of Eggs 

dead in 
boxes. 


Number 

of Fry 

put out. 


Number 

of Eggs 

and Fry in 

the boxes. 


Tempera- 
ture of the 
Harbour at 
Noon. 


Tempera- 
ture of the 
Pond at 
Noon. 


Temperature 
of the Air 
at Noon. 












c. 


F. 


c. 


F. 


c. 


F. 


Feb. 15th. 


50,000 






50,000 


6-7 


44 


6-6 


43-9 


12-7 


54-8 


„ 16th. 




50,000 


5-9 


42-6 


6-3 


43-3 


5-4 


41-7 


„ 17th. 


76i()00 




120,000 


5-2 


41-4 


54 


41-7 


5-2 


41-4 


„ 18th. 






120,000 


5-2 


41-4 


5-2 


41-4 


31 


37-5 


„ 19th. 


so^boo 






200,000 


51 


41-2 


5-2 


41-4 


50 


410 


„ 20th. 








200,000 


51 


41-2 


51 


41-2 


00 


320 


„ 2l8t. 


soiboo 






280,000 


50 


410 


51 


41-2 


2-4 


36-3 


„ 22nd. 








280,000 


51 


41-2 


50 


41-0 


4-5 


401 


„ 23rd. 


56;()oo 






330,000 


4-8 


40-6 


4-9 


40-8 


2-7 


36-9 


„ 24th. 


90,000 


26^600 




400,000 ' 5 


41 


4-8 


40-6 


3-6 


39-4 


„ 25th. 


80,000 






480,000 1 5-3 


41-5 


4-9 


40-8 


5-4 


41-7 


„ 26th. 


110,000 






590,000 51 


41-2 


51 


41-2 


41 


39-4 


„ 27th. 


100,000 






690,000 5-4 


41-7 


5-3 


41-5 


6-3 


43-3 


March Ist. 


130,000 


46i()00 




780,000 5-1 


41-2 


5-2 


41-4 


6-8 


44-2 


2nd. 


140,000 






920,000 1 4-9 


40-8 


4-8 


40-6 


30 


37-4 


3rd. 


100,000 






1,020,000 1 4-8 


40-6 


4-8 


40-6 


5-3 


41-5 


4th. 


160,000 






1,180,000 4-5 


401 


4-6 


40-3 


4-7 


40-5 


5th. 


200,000 






1,380,000 ^ 4-6 


40-3 


4-6 


40-3 


4-5 


401 


6th. 


160,000 


86;6oo 




1,450,000 : 4-5 


401 


4.4 


39-9 


5-2 


41-4 


7th. 


180,000 






1,630,000 4-8 


40-6 


4*5 


401 


4-7 


40-5 


8th. 


200,000 




... 


1,830,000 4-7 


40-5 


4-7 


40-5 


4-5 


401 


9th. 


140,000 




... 


1,970,000 4-8 


40-6 


4-7 


40-5 


3-3 


37-9 


„ 10th. 


160,000 


76;6oo 




2,060,000 1 50 


410 


4-8 


40-6 


7-7 


45-9 


„ nth. 


210,000 






2,270,000 5 


410 


5-2 


41-4 


8-9 


48-0 


„ 12th. 


240,000 






2,510,000 , 5-6 


42 


5-4 


41-7 


11-3 


52-3 


„ 13th. 


220,000 


96^000 




2,640,000 1 5-7 


42 


5-6 


420 


7-2 


45 


„ 14th. 


260,000 






2,900,000 5-7 


420 


5-6 


420 


9-7 


49-5 


„ 15th. 


280,000 






3,180,000 6-3 


41-5 


5-4 


41-7 


5-3 


42-2 


„ 16th. 


270,000 


I6^(m 




3,375,000 5-4 


41-7 


5-5 


41-9 


8-7 


47-7 


„ 17th. 


290,000 


... 




3,665,000 5-6 


42 


5-6 


42-0 


10-0 


600 
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Table I. — Continued. 



] 

Date. 

c 


r 
N^umber 

of EggB 

»ollectod 


JJumber 
of Eg^rt 
deacfm 
boxes. 


VT V Number Toinpera- 
Numbor, ^^ p tu re of the 
^\^^y\ and Fry in Harbour at 
P^t«^*' the boxes. Noon. 


Tenijiera- 

ture of the 

Pond at 

Noon. 


Temperature 
of the Air 
at Noon. 






1 c. ' 


F. 


c. 


F. 


c. F. 


March 18th. 


330,000 






3,995,000 1 6-3 


43-3 


6-2 


43-2 


13*9 


57-0 


„ 19th. 


320,000 


ooiboo 




4,265,000 ; 6-7 


44 


6-7 


44 


12*8 i 


55-0 


„ 2<)th 


340,000 




'.!". 4,605,000 1 6-3 1 


43-3 


6-6 43*9 1 


5*8 i 


^-4 


t>lHt. 


4<K),000 ' 




5,005,000' 


61 


43*0 


6-2 


43-2 


6-7 


44-0 


„ '22iul. 


500,000 1 




... 


5,505,000 , 


61 1 


43*0 


6-0 


42*8 


7*0 


44-6 


„ 2:^rd. 


6(X»,0(X> 


i2o;boo 




5,985,000 


6-3 1 43-3 1 


6-2 


43*2 


9-6 


49*3 


„ 24th. 


860,000 \ 






6,845,000 


6-3 


43-3 


6*3 


43-3 


5-4 


41-7 


„ 25th. 


700,000, 






7,545,000 , 


61 


431 


5-8 


42-4 


3*8 


38*8 


,, 26th. 


600,000 


eoiboo 




8,085,000 1 


5-5 


41-9 


5*8 


42-4 


3-8 


38*8 


„ 27 th. 


080,(X>0 


... 




8,765,000 1 


51 


42-2 


5-5 


41*9 


3*6 


38*5 


„ 28th. 


80t),000 


noiboo 




9,395,000 


50 


41 


5*4 


41-7 


3-6 


38-5 


„ 2^Hh. 


800,000 


... 




10,195,000 


5-4 


41*7 


5-2 


41-4 


4*4 


39*9 


„ 30th. 


700,000 






10,895,000 


5-9 


42-6 


5-5 


41-9 


5-4 


41-7 


., 3l8t. 


760,000 


226;000 




ll,43r>,(HM) 


6-6 


43-9 


6-6 


43*9 


7-2 


45 


April Ist. 


880,000 




8(k).000 


IK.-.l.lJMMt 


6-6 


43-9 


6*5 


43*7 


8-0 


46-4 


2iid. 


700,000 






12,21 5,0<X} 


5-7 


42-2 


5*6 


42*0 


9-2 


48-6 


„ 3rd. 


600,000 


246^000 




12,575,000 


5-8 


42-4 


5-7 


42-2 


81 


46*0 


4th. 


630,000 






13,205,()00 


5-5 


41-9 


5-7 


42*2 


61 


43 


5th. 


500,000 






13,705,O0t» 


5-6 


42 


5-5 


41*9 


8*0 


46*4 


6th. 


600,000 


ISfXOOO 




14,125,000 


5*9 


42-6 


5-5 


41*9 


11*9 


53-4 


„ 7th. 


440,000 


90,000 




14,475,000 


6-3 


43-3 


6-3 


43*3 


12*9 


55*2 


Sth. 


450,000 






14,925,000 


6-3 


43-3 


6*3 


43-3 


13*7 


56-7 


9th. 


460,0fK) 






15,385,CKX> 


6-5 


43-7 


6-6 


43-9 


13*1 


55-6 


,, 10th. 


400,(H)0 


206^600 




15,585,0(X) 


7-4 


45-3 


6-8 


44*2 


141 


57-4 


„ nth. 


32C»,000 




... 


15,905,000 


7-2 


45-0 


6-8 


44-2 


12-1 


53-8 


„ 12th. 


280,000 


OO^OOO 


1,466,000 


14,725,000 


71 


44-8 


6-9 


44*4 


10*7 


51*2 


„ 13th. 


300,000 




... 


15,025,000 


6-7 


44-0 


6*9 


44*4 


10-7 


51*2 


„ I4th. 


350,000 


ooiooo 




15,285,000 


6-6 


43-9 


6-9 


44-4 


8-2 


445-8 


„ 15th. 


300,000 




2,966,000 


12,685,000 


6-5 


43*7 


6-7 


44*0 


8-2 


46-8 


„ 16th. 


250,000 






12,935,0»)0 


6-8 


44-2 


6*8 


44-2 


100 


50*0 


„ 17th. 




soiboo 




12,855,(KX» 


6-9 


44-4 


7*0 ' 44-6 


11-9 


.53-4 


„ 18th. 


23<)ib00 






13,085,000 


71 


44-8 


7 44-6 


8-2 


46*8 


„ 19th. 




126^000 




l2,iHi5,000 


6-4 


43-5 


61 430 


9-4 


48-9 


„ 20th. 


3i6;boo 






13,275,000 


6-4 


435 


6-9 


44*4 


7*9 


46-2 


„ 2l8t. 








13,275,000 


6-7 


44-0 


6*6 


43*9 


9-9 


49-8 


„ 22nd. 




SO'OOO 


2,760,000 


10,495,000 


71 


44-8 


7*0 


44*6 


7*9 


44i*2 


„ 23rd. 


336;000 






10,82,5,000 


7-1 


44-8 


7*0 


44*6 


7-4 


45 3 


„ 24th. 








10,82;5,000 


7-4 


45-3 


7-1 


44*8 


8-1 


46-6 


„ 25th. 


180^000 


50*000 




10,955,000 


7*5 


45-5 


7*7 


45-9 


7-9 


46*2 


„ 26th. 






2,266,000 


8,755,000 


71 


44-8 


7*4 


45-3 


7-6 


4,57 


„ 27th. 


noiooo 






8,92;3,000 


7-3 


451 


71 


44*8 


8-3 


46*9 


„ 28th. 








8,925,000 


7-0 


44-6 


7*1 


44-8 


7-7 


45*9 


„ 29th. 




36i6oo 


3,466,000 


5,495,000 


7-0 


44*6 


7-0 


44*6 


7-8 


46 


„ 30th. 


2o6;boo 


... 




5,695,0^)0 


7-2 


45-8 


7-1 


44*8 


9-3 


48-7 


May 1st. 








5,695,a)0 


|71 


44-8 


7-2 


45*8 


12-7 


54*9 


„ 2nd. 








5,695,<J00 


7-5 


45-5 


7-4 


45-3 


8-8 


47-8 


„ 3rd. 




46]boo 


::: 


5,655,000 


7-6 


45*7 


7-6 


45-7 


100 


50 


„ 4th. 






2,200,000 


3,455,000 


7-8 


46 


7-7 


45*9 


10-4 


50-7 


,, 5th. 








3,455,000 


7-8 


46*0 


7*8 


46 


9-8 


49-8 


„ 6th. 








3,455,000 


7-8 


46 


7-7 


45*9 


9*3 


48-7 


„ 7th. 


2o6iboo 


25;b00 




3,630,000 


8-3 


46-9 


8*1 


46*6 


11-8 


53*2 


,. Sth. 








3,630,000 


8-3 


46-9 


8-2 


46-8 


14-7 


58-5 


„ 9th. 








3,630,000 


8-9 


48^ 


8-7 


47-7 


10-1 


50*2 


„ 10th. 






1,366,000 


2,330,000 












... 


„ 11th. 






... 


2,3.30,(K)0 














„ 12th. 






... 


2,330,000 








... 






,, 13th. 




.. . 


700.000 


1,630,000 












... 


„ 14th. 








1,630,0(K) 












... 


„ I5th. 








1,630,<.MJ0 












... 


„ 16th. 




soiooo 




1,600,000 














„ 17th. 




... 


966,000 


700,000 












... 


„ 18th. 








700,000 














., 19th. 








700,000 














,. 20th. 






766,000 




I ... 
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In last year's Report it was stated that an experiment had been bi^gun 
in Loch Fyne in order to find out what practical results may be obtained 
in a confined area by the planting of a limited number of artiticiaiiy- 
hatched fry of plaice. During 1898 the experiment was continued, aDd 
all the fry produced in the hatchery were placed in the loch, on this 
occasion in the upper part, to the north-east of Strachur. While it may 
be considered to some extent an open question what particular locality 
of a tidal loch, such as Loch Fyue, is the most suitable for the distribu- 
tion of fry at the different stages of the tide, some cases are less difficult 
to decide than others. When the tide is full there seems little doubt 
that the fry should be planted as far up in the loch as possible, in order 
that they may not tend to be carried out by the ebb. But there appear 
to be stroQg reasons why the fry should always be planted near the 
head of the loch. The tidal currents are of course strongest at the 
entrance, through which all the water passes and repasses which causes 
the rise and fall of the level of the whole loch ; and from the same 
reason these horizontal currents are of least strength at the head of the 
loch, where the tidal movement of the water is more a simple rise and 
fall. It was principally for this reason that the fry in 1898 were 
distributed near the head of Loch Fyne, which was also the most con- 
venient locality, as the transport was effected by means of the ordinary 
mail service to Inveraray. The salinity of the water in that part of the 
loch is often much reduced, especially during heavy rainfalls ; but this 
fresh water, which accumulates in a layer on the surface, is drifted to 
and fro by the wind in the loch, and it does not as a rule remain 
stationary for any long time in the upper loch. The depth of this fresh- 
water layer is usually not very great, so that in 1898 water of sufficient 
salinity always existed some feet below the surface. The fry were 
sometimes distributed through an indiarubber tube at various depths, 
once or twice at as much as twenty feet down, where a sufficient salinity 
was found, while the surface water was quite brackish. 



Tablb II.- 



-Showtng the Locality and the Physical Conditions 

WHERE THE FrY WERE DISTRIBUTED. 



' Date. 


Locality. 


Temperature 

of the Water 

into which 

the Fry 

were planted. 


Sp. gravity 
of the Water 

into which 

the Fry were 

planted. 


State 

of 

the Tide. 


Number 
of Fry 
Planted. 


April Ist, 


Off Inveraray, in 
the middle of 
the loch, 


c. 

7-8 


F. 

46 


1026-8 


4h. ebb 


800,000 


„ 12th, 


»> )> 


5-6 


42 


1022-0 


Ih. ebo 


1,400,000 


,. 15th, 


>» 5> 


9-6 


49 


1024-5 


3h. flood 


2,900,000 


„ 22nd, 


>> >> 








6h. ebb 


2,700,000 


„ 26th, 


l» l> 








Ih. flood 


2,200,000 


„ 29th, 


Two miles above 
St. Catherine's, 


9-5 


49 


1025-8 


5h. flood 


3,400,000 


May 4th, 


Off Inveraray, in 
the middle of 
the loch. 


9-9 


49-8 


1023-8 


Ih. flood 


2,200,000 


n 10th, 


!) n 


10-3 


50-5 


1023 


2h. ebb 


1,800,000 


„ 18th, 


j> »» 


9-8 


49-6 


1025-0 


H.W. 


700,000 


„ 17th, 


n i» 


10-7 


61-2 


1024-6 


5h. ebb 


900,000 


„ 20th, 


>> n 


11-5 


52-7 


1028-0 


Ih. flood 


700,000 
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During the five years in which the hatchery has been in operation, a 
total of 119,595,000 of plaice fry have been produced, together with 
16,895,000 of various other species. The plaice, as will be seen, has 
principally been dealt with, and although the number turned out is a fair 
one for the size and capacity of the present establishment, it would 
undoubtedly have been greatly increased if the anticipated local con- 
veniences could have been utilised in due course. As was explained in 
the Board's Report for last year, the Dunbar authorities withdrew their 
grant for the use of some important sea-creeks adjoining the hatchery, 
and the work has therefore had to be carried out under somewhat difficult 
conditions. But, as the Board has lately selected a site, and partly 
already erected a new station, at the Bay of Nigg, near Aberdeen, the 
desired facilities may soon be obtained, and the hatching operations 
carried on on a larger scale than hitherto. 

Sufficient time has not yet elapsed to allow of any conclusions being 
drawn from the Loch Fyne experiments. 

The utility of sea-fish hatching, or the possibility of doing anything 
artificially to increase the stock of food fishes within limited areas, has in 
certain quarters been recently called in question on general grounds. It 
is a problem, however, which can only be solved by systematic experiment 
and trial, and it requires time, and also that the operations should be 
conducted on a sufficiently extensive scale. 

The results of the hatching of cod in Norway are very encouraging. 
The hatchery at Flodevig was established with the view of improving the 
inshore fishery in the south of Norway, and its operations have hitherto 
been confined to that area — to the fjords east of the Naze. It is there- 
fore wrong to suppose, as has been done, that its work would have effect 
along the whole Norwegian coast, and a considerable part of which, in 
fact, is further away from the hatchery than the Scottish East Coast is. 
But there is distinct evidence of its influence in raising the stock of cod 
in the waters in which, or near which, the fry have been distributed. 
This is shown by the statistics of the Society for the Promotion of the 
Fisheries in the Chriatiania Fjord, %vithin Drobak, which have been 
published in their Reports. * 

The records extend over a period of twenty-seven years — from 1872 to 
1898 inclusive — and the figures referring to the quantity of cod brought 
to the market from this district in the various years are given below. 
Fry of cod from the hatchery were distributed in the fjord for the first 
time in 1892, and the operation has been continued since. The returns 
for 1893, when results could first be looked for, have been grouped 
together with those for the following years, thus forming one group of 
six years. For comparison the returns for the previous years have also 
been combined into similar groups, but the three years 1872-1874 have 
been added to the first group, which thus represents nine years. 

The average catch of cod for the period 1872-1880 was 80,147. 
Do. do. 1881-1886 - 69,862. 

Do. do. 1887-1892 - 40,834. 

Do. do. 1893-1898 - 67,323. 

The decline in the fishery from 1872 to 1892 was very great — in fact, 
it was reduced to about one-half of what it was. But the increase in the 
following period, when fry were being distributed in the fjord, is also 
remarkable, and it is reasonable to assume that this increase was due in 
large measure to the distribution of the fry. 

* Bereining fra ScUkahet til Fremnw af Fuktriemf i Chn'4tiania=f)arden incUnfor 
DrUbak^ Chittiania. 
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A closer examination of the records for the last period is of interest in 
comparison with the number of fry yearly planted : — 



Number of cod landed, 

Number of try dis- 
tributed, . 

Yearly increase, 


1893. 


1893. 


1894. 


1895. 


1896. 


1897. 


1898. 


44,013 
10 millions 


50,322 
20 millions 


65,212 
Nil. 


65,753 
12 millions 


70,414 
18 millions 


70,898 
20 millions 


81,337 

Not 
known. 




6,309 


14,819 


614 


4,461 


484 


10,439 



Thus the decline in the annual catch during the period 1872-1892 
amounted to 39,313 cod ; the total number of fry planted from which 
results might be looked for during the period 1893-1890 was 80,000,000, 
and the total increase in the fishery during the same six years was 
37,324 cod. The increase during the last six years is not far short of 
the decline during the previous twenty-one years. 

It is stated in the Reports of the Society that the increase was princi- 
pally among the young fishes — not yet matured ; and as two of these are 
often counted for one owing to their smaller size, the actual increase was 
greater than shown by the figures of the statistics. In Plate I. is given 
a graphic illustration of the progress of the cod-fishery in the Christiania 
Fjord during the past twenty-seven years, as shown in the Table, and I 
think the Tables as well as this illustration can best be left to speak for 
themselves. The red line extending between the years 1892 to 1898 
represents the progress of the fishery during that period. Its average is 
67,323, while it rises gradually from 44,013 in 1892 to 81,337 cod in 
1898. 
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v.— ON THE MIGRATORY MOVEMENTS AND RATE OF 
GROWTH OF THE GREY OR COMMON GURNARD. By 
T. Wkmyss Fulton, M.D., F.R.S.E., Scientific Superintendent. 
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Introduction. 

Among the fishes caught by the " Garland " there appears to be none 
whose migratory movements are more marked and definite than the 
common gurnard ; nor is there any in which this migratory movement can 
be more distinctly correlated with the seasonal changes in the temperature 
of the sea water, and with the instinct of propagation, than in this fish. 
The circumstance that the common gurnard approaches the inshore grounds 
at the spawning time and leaves them in great numbers late in autumn 
was pointed out in 1892;* and subsequent investigation has shown that this 
movement is one of great regularity, and is a9sociated wfth other phenomena 
of interest. The facts set forth in the folloAving pages are based on a study 
of the catches of gurnards made by the " Garland " during the past ten 
years ; but the more detailed and systematic part deals principally with the 
garnards caught in what may be teamed the Firth of Forth area, which 
includes not only the Firth itself and the estuary, but also the open sea 
to a distance of twelve or fouiteen miles east of the Isle of May. Some 
hauls were also taken at a bank t twenty-two miles east by south of the 
Isle of May. In this area the occurrence of gurnards at each station has 
been studied m relation to (I) their appearance and numbers in the various 
months of the year; (2) their sizes in relation to maturity and age; (3) the 
temperature of the sea water in the various months at the different 
stations ; (4) the spawning period. The number of gurnards dealt with 
in this area is over 10,000, and the period comprises ten years. The 
gurnards caught in the other areas where the *' Garland " has carried on 
trawling work — viz., the Moray Firth, the Firth of Clyde and Loch Fyne, 
St. Andrews Bay, Aberdeen Bay, Montrose Bay, and Lunan Bay — over 
14,500 in number, have also been dealt with; and some of these areas, 
and especially the Clyde and the Moray Firth, have furnished important 
data in connection with the conclusions reached for the Firth of Forth. 

The Alujrafory Movements. 

In considering the migratory movement, we shall first of all deal w4th 
the gurnards as a whole, irrespective of their grouping into sizes or of the 
slight variations that occur in different years. For this purpose the 
collective data referring to each particular month in all the years have 

* Fulton : " Ol^^ervationa on the Reproduction, Maturity, and Sexual Relations of the 
Food Fishes." Tenth Annmil lO'/tort Fis/i^ry Board for Stodand, Part III., p. 235. 

t Liston Bivnk, so named from the experienced trawler who has had charge of the actual 
trawling operations on the ** Garland " from the first. 
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been combined, so as to give the mean for each month in the period. In 
the Forth area gurnards are almost entirely absent from November to 
April. In January of the various years only one was captured in the 
Firth of Forth, viz., a specimen of four inches taken at Station V. (west 
of the Isle of May), in a depth of between 20 and 30 fathoms, on 
21st January 1891. It was, as we shall see, no doubt an individual 
which had for some reason or other remained behind when the shoals left 
the Forth in the previous autumn. One other specimen was taken on 19th 
January 1893 in the open sea at "Liston Bank" in twenty-four fathoms of 
water (see Fig. 1). It was five inches in length; and we shall find that in 
the winter months small gurnards are to be found in the deep offshore 
waters in the Clyde and Moray Firths. The number of hauls made in 
the Januaries of the various years in the Forth area, including " Liston 
Bank," was 55. In February only three gurnards were taken in 71 hauls, 
and all of them were caught outside the limits of the Firth of Forth, viz., 
at Stations YUI. aud IX., where the water varies from 20 to 32 fathoms 
indepth(Fig. 1). Oneat Station IX., on 19th February 189 1, was 10 inches 
in length ; the other two, taken at Station VIII. on 18th February 1896, 
were each twelve inches in length. In March, in which month 52 hauls 
were made, the number of gurnards captured was 15 ; with one exception 
they were all taken at stations either outside the Firth or just at its mouth. 
Thus, on 19th and 21st March 1891, one 12 inches and one 13 inches 
were caught at Stations V. and VI. respectively; on 14th March 1894 
one 14 inches long was taken at Station VIII. ; and on 29 th and 30th 
March in the same year other eleven were caught at Stations V., VI., and 
VII. at the mouth of the Forth, of which three were 14 inches in length, 
one 12 inches, three 10 inches, one 9 inches, and the others 6 and 7 
inches. The exception referred to was a small specimen, four inches long, 
which was captured on 13th March 1891 at Station II. (far up the 
Forth), and had probably remained in the Firth from the autumn. 

Thus there is at the end of March an indication of the movement of 
the gurnards into the Firth. In April this movement is found to be in 
full progress. The number captured in this month in 63 hauls amounted 
to 700, or an average of 1 1 gurnards per haul of the net. They are now 
found at every station in the Firth of Forth, throughout the waters of 
which they have become well distributed. At Station II. (off West 
Wemyss, Fife^ they are more abundant than at any other station, except 
Station VII. (which runs parallel to the coast from the Bass Rock west- 
wards). At the innermost stations, near Inchkeith (I. -Ill) and in 
Aberlady Bay, they are rather more numerous than at the stations outside 
the Firth (VIII. aud IX.). The average number caught in each haul in 
April at the inner group of stations (I.-IV.) was 9*9; at the outer group 
(VIII. -IX.) it was 7'8; and at the three stations at the mouth of the 
Firth (V., VI., VII.) it was 15*5. They were thus most abundant at 
the mouth of the Forth in this month. How much further they extend 
up the Forth is not shown, since no gurnards were ever caught at the 
special station above the Forth Bridge (Station X.). The sizes of the 
April gurnards will be dealt with later ; here it is sufficient to say that 
the great majority were adults. The migratory movement of the gurnard 
from the opeu sea into the inshore waters goes on actively during April, 
and reaches its height in May. In this month the number of gurnards 
captured in the area was 2789, in 63 hauls of the net, or an average of 
44*2 gurnards per haul. They were most numerous at the three Stations 
at the mouth of the Firth (V., VI., VII.), where 1189 were caught, the 
average per haul being 51*7. At the inner group of Stations (L-IV.) 
they were also abundant, the average per haul being 46*7. The total 
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Fio. 1, Showing the various Trawling Stations in the Firth of Forth area. 

number caught was 1260. At the outer stations the average was only 
26*1, much higher than in the previous month, but much less than within 
the limits of the Firth in the same month. At Station YII., on the south 
side, near the Bass Rock, the average in May is 100 gurnards per haul, 
compared with 22*4: at Station V., west of the Isle of May, and 29*9 at 
Station VI., on the north side, off the coast of Fife. At Station III., 
east of Inchkeith, the average is 59*9 ; at Station II., in the north bay, 
it is 49 '3 ; at Station I. it is 41 '7 ; and at Station IV., in the south bay, 
it is 33*4. The lowest average of all is at Station IX., in the open sea, 
furthest from the Firth, where it is oniy 14*5. These data show that the 
shoals of gurnards begin to move into the Firth from the deeper waters 
of the open sea in March ; this movement is continued and is much more 
marked in April, and is intensified in May, when they are found in great 
numbers all over the Firth, but are most numerous just within its mouth. 
In June we find the numbers of the gurnards have considerably 
diminished. With 71 hauls of the net 2142 were captured, or an aver- 
age of 30*2 gurnards per hauL In this month they are most abundant at 
the inner stations, the average for Stations I.-IV. being 35*1, compared 
with 29-1 at Stations V.-VI., and 22*9 at the outer stetions, VIII.-IX. 
They are most numerous at Station II., in the north bay, where the aver- 
age is 43 ; at Station I. it is also high, viz. 41. They are least abundant 
at Station V. (18-6) and at Station IX. (11-4). In July the diminution 
in the abundance of the gurnards continues. The number caught in 51 
hauls of the net was 1225, an average of 24 per haul for the whole area. 
They are now least numerous at the inner stations, where the average per 
haul is 17*1, or less than half of what it was in the previous month. They 
are more abundant at the three stations at the mouth of the Firth (V., YI., 
VII.), where the average is 28*5, or only a little under the previous 
month ; and they are most abundant at the outer stations, VIII. and IX., 
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in the open sea, where the average has risen to 34*1, which is thennaxi- 
mum for this part of the area for the year. The highest average is at 
Station VIII. (45-6), and the lowest at Station III. (13-7). The 
average at Station VI. is also high, viz. 40-5. In August and Septem- 
ber the decrease in the abundance of gurnards in the area continues, but 
the rate of diminution is not so marked as in June and July. Thus, 
while there was a drop in the average from May to June of 1 2, and a 
drop of 6*2 from June to July, the drop from July to August was only 
2*4, and from August to September almost the same, viz. 2*7. In 
August 1534 gurnards were caught in 71 hauls, or an average of 21*6 per 
haul. The same relative abundance at different parts of the area is 
exhibited as in July. The average number taken in each haul of the net 
. at the four inner stations is 18*4 ; at the three stations at the mouth of 
the Firth the average is 23*2, and at the outer stations in the open sea it 
is 26*7. In September 1306 gurnards were caught in 69 hauls, the 
average being 18*9. In this month the average at the four inner and 
the two outer stations is nearly the same — namely, 20*6 at the former 
and 21*5 at the latter; at the intermediate three stations the average 
sank to 14*8. Thus at the inner stations a rise took place in August 
and September, the reason for which we shall see when we come to deal 
with the gurnards according to their sizes. The highest average for the 
month is at Station II. (25*2), the next highest are at Station IV. (24*9) 
and at Station IX., in the open sea, where it is 24*5. 

In October a very marked change occurs. The number of gurnards 
captured in 66 hauls of the net was 552, the average per haul being 8*4. 
The averages at the inner stations in this month are higher than at the 
intermediate or outer station — viz., 10*6, compared with 7*9 at the three 
stations at the mouth of the Firth and 4*9 at the two stations in the open 
sea. The highest average was at Station II. (18*1), and the lowest at 
the shallow-water Station IV. (4*6), which is first affected by the falling 
temperature. The average at Station IX. was practically the same, 4*7. 
In November the gurnards have almost disappeared from the area. Only 
65 were captured in 58 hauls, or an average of 1*1 per haul. They were 
very scarce in the inner parts of the Firth and at the mouth, the averages 
being 0*7 and 0*6 [respectively ; at the outer stations they were more 
numerous, the average per haul being 3*2 ; the average at the outermost 
Station (IX.) was 3*8. In December only 11 gurnards were taken in 
59 hauls, an average of less than 0*2 per haul ; four of them were captured 
at the four inner stations, three at the three intermediate stations, and 
four at the two outer stations. The averages at each station for each 
month throughout the ten years are given in the following Table : — 
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Stations 






Totals. 


Months. 


















I. 


II. 


III. 


IV. 


1 
V. 


VI. 


VII. 


VIII. 


IX. 


Number 
Caught. 


Av'ge. 

1 


January, . 










0-2 










1 


0-02 


February, 
















0-26 


0-12 


3 


0-04 


March, . 




0-2 




... 


0-6 


0-6 


0-7 


0-2 


0-2 


15 


0-29 


April, . 


7-5 


14-9 


9-1 


7-7 


10-5 


6-7 


30-7 


10-0 


6-6 


700 


IM 


May, . 


41-7 


49-3 


59-9 


33-4 


22-4 


29-9 


100-1 


361 


14-5 


2,789 


44-2 


June, 


41-0 


43-0 


33-5 


22-7 


18-6 


32-9 


35-9 


34-4 


11-4 


2,142 


30-2 


July, 


15-8 


14-7 


13-7 


26-6 


21-0 


40-5 


21-8 


45-6 


22-6 


1,225 


24-0 


August, . 


14-1 


16-0 


28-1 


18-9 


28-7 


23-2 


18-3 


27-4 


25-8 


1,534 


21-6 


September, 


13-4 


25-2 


19-5 


24 9 


13-1 


11-7 ' 19-4 


19-2 


24-5 


1,306 


18-9 


October, . 


8-3 


18-1 


11-6 


4-6 


6-0 


11-3 6-7 


50 


4-7 


552 


8-4 


November, 


0-5 


1-8 


0-5 


0-4 


0-2 


1-1 0-5 


2-6 


3-8 


65 


M 


December, 


0-1 




0-5 


... 


0-2 


04! ... 


3 


0-3 


11 


0-2 



The averaged for the three groups of stations, inner, outer, and inter- 
mediate, for each month of the ten years are represented in Table II. 

TABLE II. 



Mouths. 


Inner Stations, 
L— IV. 


Intermediate 
Stations, 
v.— VII. 


Outer Stations. 
VIII.— IX. 

019 

0-2 

7-8 
26-1 
22-9 
341 
26-7 
21-5 

4-9 

3-2 

0-3 


January, . 

February, . 

March, 

April, 

May, 

June, 

July, 

August, 

September, 

October, . 

November, 

December, 


005 

9-9 

46-7 

351 

171 

18-4 

20-6 

10-6 

0-7 

0-15 


007 

0-6 

15-5 

51-7 

29-1 

28-5 

23-2 

14-8 

7.9 

0-6 

0-19 



Before proceeding to consider the migratory movements of the gurnard, 
as revealed by these data, in connection with the changes in the tempera- 
ture of the sea and the period of spawning, it may be desirable to 
compare the general results with those in other areas, and especially in 
the Firth of Clyde and the Moray Firth. In St. Andrews Bay, where 
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more than 6500 gurnards were caught during the ten years, the changes 
in the relative abundance in the various months are of the same general 
character as in the Forth area, but there are some differences of interest. 
The averages for each oionth are as follows : — 

January. February. March. April. May. June. 
0-0 0-05 0-6 10-4 867 83'6 

July. August. September. October. November. December. 
181 35-7 24-4 10*3 8-8 1*2 

We see here that the averages are comparable with those in the Forth. 
The rise in May is relatively and absolutely far greater, and the average 
for June is also very high, and not much under that for May. There is 
also a rise in August and September, as at the inner group of stations of 
the Firth of Forth. Moreover, the averages in November and December 
are somewhat higher. Those procured in March — fifteen in number — 
were, with one exception, all obtained in 1890 in the hauls made at the 
end of the month, when the temperature at most of the stations was very 
slightly higher ; and they were got at the south and eastern parts of 
the bay (nearest the open sea), none being procured at the innermost 
Station IV., which runs round the bay in from 5 J to 7 fathoms. In 
April, May, and June the same general distribution was shown, the 
gurnards being most abundant at Stations I., II., and V. In July and 
August they were, on the contrary, most numerous at Station IV., and in 
September and October the numbers at this station nearly equalled or 
exceeded the numbers at Stations I. or V. Much the same changes in 
the relative abundance of the gurnards occur at the stations at Montrose 
and Aberdeen Bays, where, however, the hauls were much fewer in 
number. 

In the Moray Firth no hauls were made in January, February, March, 
or December, and only one in April, principally for the reason so often 
referred to, namely — the small size of the " Grarland," most of the stations 
Ipng at a considerable distance from the coast. But there are data 
referring to all the other months of the year, and those for the inner 
stations near the coast (I.-VI.) show much the same relative changes as 
in the Firth of Forth and St. Andrews Bay. The number of gurnards 
caught was over 5000. The averages for the various months are as 
follows : — 

May. June. July. August. September. October. November. 
21-9 211 13-3 211 11-4 147 17 

The highest average is thus seen to be in May ; that for June is not 
much lower ; there is a fall in July and a rise in August, just as at the 
inner parts of the Firth of Forth and in St. Andrews Bay ; and the 
average for November is very small, showing that the gurnards leave the 
inshore waters of the Moray Firth towards the end of the year. At 
the outer stations (VII. -XVI.), some of which are far from the coast and 
in deep water, the relative abundance in the various months is different. 
The averages are as follows : — 



May. 


June. 


July. 


August. 
37-3 


October. 


November. 


21-0 


19-2 


23-1 


39-4 


29-6 



Thus in May and June gurnards appear to be fairly equally distributed 
throughout the Moray Firth generally, both at the offshore and the inshore 
stations, although slightly more numerous at the latter. In July they 
begin to leave the inner parts of the Firth and become more abundant in 
the offshore waters, and especially at the intermediate stations. This 



Digitized by 



Google 



216 Part IIL — Seventeenth Annual Report 

outward movement is indicated by the high averages for October and 
November — the average for October being the highest for any of the 
months and double the average for June. At Smith Bank gurnards 
appear to be numerous in May and June, much less abundant in July 
and August, and very abundant in October and November, when the 
averages are 40 and 37 respectively. Only 20 haub, however, were made 
at Smith Bank in these months. 

In the Firth of Clyde, in which over 3000 gurnards were caught by 
the " Garland," the abundance of this fish in the various months is much 
the same as in the Moray Firth. Excluding those caught in Loch Fyne, 
which fall into a diflferent category, the averages for the different months 
are as follows : — 



January. 
18-6 


February. 
00 


March. 
26-5 


April. 
22-2 


May. 
18-6 


June. 


July. 
10-6 


August. 
63-6 


September. 
11-8 


October. 
27-0 


November. 
19-0 


December. 
31-1 



No hauls were made in June, and only two in February. The most 
striking feature of difference between these figures for the Clyde and 
those for the Firth of Forth area and St. Andrews Bay is the compara- 
tively high averages for January, March, October, November, and December. 
It is clear that the gurnards do not leave the Clyde area in the winter as 
they do in the other inshore areas mentioned. With the exception of 
two or three stations, near shore and in comparatively shallow water, 
gurnards were present in all the hauls in January and December. They 
were present at all stations except one in November, and at all except 
one in October. But in these months and in March by far the greatest 
numbers were got at the outer stations, in deep water, to the west of 
Ailsa Craig (VIII.-IX.), and off Rhuad Point, Cantire (VI.). The 
temperature of the bottom water at these stations in December and Janu- 
ary is nearly the same as it is in the Firth of Forth in June and July. 

In the upper parts of Loch Fyne gurnards are not present in abundance, 
but they were found there in all the months when hauls were made — viz., 
March, April, May, August, October, November, and December. The 
numbers caught in the 39 hauls were small, but the averages may be 
given, as follows : — 



March. 
0-6 


"If 


^T 


Ai]^t 


October. 
14-0 


November. 
3-6 


December. 
3-6 



The remark regarding temperature applies abo here, viz., that the 
bottom water in Loch Fyne at the stations where the gurnards were caught 
is as warm in December as the bottom water in the Forth is in July. 



Thb Relation bbtween the Temperature of the Water and the 
Migratory Movements. 

Turning now to the question of the temperature of the water in the 
Firth of Forth area in the various months of the year, it will be found 
that a very definite relationship exists between the changes in the tem- 
perature and the migratory movements of the guruards. The mean 
temperature of the surface and bottom water in each month of the ten 
years, at all the stations where the gurnards were captured, has been 
calculated in the Fahrenheit scale as follows, from over 1200 observa- 
tions : — 
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January. February. 


March. 


April. 


May. 


June. 


Surf. 
41-6 


Bot. 
42-2 


1 
Surf. 1 Bot. 

40-6 j 40-6 


Surf. 
40-2 


Bot. 
40-0 


Surf. Bot. 
43-1 42-2 


Surf. 
47-2 


Bot. 
45-6 


Surf. Bot. 
51-9 47-6 

1 
December, i 


July. August. 


September. 


October. 


November. 


Surf. 
64-6 


Bot. 
50-8 


Surf. 
56-2 


Bot. 
53-5 


Surf. 
54-2 


Bot. 
53-3 


Surf. 
51-0 


Bot. 
51-4 


Surf. 
47-3 


Bot. 

48-1 


Surf. Bot. 
44-0 44-8 



These means refer to the whole of the Firth of Forth area — that is to 
say, to all the stations combined. The means for the ten years at each 
of the stations are given in Table IV. : — 
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Reference to these Tables shows that the mean minimum temperature 
of the surface and bottom water is in March, and the mean maximum 
temperature of both in August. In February and early in September the 
temperature of the surface and bottom water is the same. It is, how- 
ever, the changes in the temperature of the water at the bottom that 
chiefly concern us here, for although the gurnard not infrequently leaves 
the bottom, especially, as we shall see, during the night, it is typically a 



Digitized by 



Google 



of the Fishery Board for Scotland, 



219 



bottom or ground fish. The lowest temperature of the bottom water 
occurs about the middle of March, usually a little before the middle, and 
in the latter part of the month the rise begins, which continues to increase 
until about the middle of the following August ; thereafter it declines 
until the next March. The maximum and minimum temperatures may 
vary by a week or two in different years. We see from the Tables that 
the mean rise in April is 2*2 deg. F. above the temperature in March, 
and in May there is an additional rise of 3 4 (leg. F. 

Now it appears to be just at the time when the temperature of the 
bottom water begins to rise that the gurnards first make their appearance 
in the Firth of Forth area. They have been waiting, as it were, in the 
open sea offshore until this sign of the new season reaches them, and then 
they begin to move inwards. And the temperature at which the inward 
migration begins seems to be fairly definite. In Table I. it is shown that 
only three gurnards were captured in February, and fifteen in March. 
The particulars in regard to these are of interest, and are represented in 
the accompanying Table : — 











Tempera- 


Difference 


Date. 


Station. 




Gurnards. 


ture of 
Bottom 
Water. 


from mean 
Tempera- 
ture. 






No. 


Size in inches. 






Feb. 18th, 1896. 


VIII. 


2 


12, 12. 


43 


+ 1-7^ 


„ 19th, 1891. 


IX. 




10 


42-3 


+ o-?** 


March 13th, 1891. 


II. 


1 


4 


40-6 


+ 0-3° 


„ 19th, 1891. 


V. 




12 


40-6 


+ M^ 




, 2l8t, 1891. 


VI. 




13 


40-6 


+ 0-6° 




, 18th, 1890. 


IX. 




13 


420 


+ 1-8^ 




, 14th, 1890. 


VI. 




UJ 


42-0 


+ O^'* 




, Uth, 1894. 


VIII. 




14 


40-6 


+ 0-6^ 




„ 29th, 1894. 


VII. 




6, 10, 14, 14 


41-2 


+ l^*^ 




„ 30th, 1894. 


VI. 


2 


12,14 


41-2 


+ 1-2^ 




„ 30th, 1894. 


V. 


3 


10, 10, 12 


41-0 


+ 1-5^ 



In all cases it will be seen that the temperature of the bottom water at 
the stations where gurnards were captured in February and March was 
above the mean for these months at these stations {vide Table IV.). In 
St. Andrews Bay all the gurnards taken in March, fourteen in number, 
were obtained in 1890. In that year two series of hauls were made at 
the stations there : one series on the 3rd, 4th, and 5th, when the bottom 
temperature varied at different stations from 405 deg. F. to 41*3 deg. F., 
and exhibited a mean for the area of 40*9 deg. F. Both the mean temperature 
and the station temperatures were higher than in March of any other year, 
and one gurnard, 16 inches in length, was caught at Station XL, where the 
temperature was 40*80 deg. F. The second series of hauls was made on 
March 26th, 27th, and 28th, when the mean temperature was 42 2 deg. 
F., and the individual temperatures at the various stations ranged from 
42*1 deg. F. to 42*3 deg. F. Thirteen gurnards were caught, as follows : — 
I. II. III. IV. V. 

No. 5 4 10 3 

Size (inches), 16,16,14,14,11 15,15,13,13 7 ... \^^^^^ 

Temperature. 42-r 42-2" 42-r 42-3" 421' 

When these facts are considered with those relating to the Firth of 
Forth it appears that no gurnards are caught in these areas when the 
temperature of the bottom water is below 40*5 deg. F. It is not until 



Digitized by 



Google 



220 Part IIL — Seventeenth Annual Report 

the temperature has risen about 0*5 deg. F. above the minimum mean 
temperature that the gurnards begin to make their appearance at the 
outer stations. 

An examination of the details for each station at which gurnards were 
caught in March shows that as a general rule they were caught in 
years when the bottom temperature was highest, and that when the 
bottom temperature was lowest no gurnards were obtained. 

In April, as we have already seen, gurnards were caught at all stations, 
the general average per haul being 11*1. The mean bottom temperature 
in this month is 42*2 deg. F., or 2*2 deg. F. above the mean for March. 
An examination of the temperatures at each station in each year shows 
the operation of the general law, most of the gurnards being caught when 
the temperature was highest, and few or none when it was lowest. This 
applies without exception to the inner and intermediate groups of 
stations, except that in 1890, when the temperature was highest, no 
gurnards were caught at Station I. or Station V. 

The migrating gurnards move into the Forth with considerable rapidity, 
and it is possible that this movement takes place chiefly at night. At all 
events, by far the most gurnards are got on the bottom in daylight. 
Thus, in a number of hauls which were made by night and by day at the 
same stations in the Firth of Clyde, at intervals of usually a few days 
between the day and night hauls, the proportion of gurnards captured 
was very different. In 20 hauls in daylight 513 gurnards were caught, 
an average of 26, and no haul was blank ; 20 hauls at night caught 95 
gurnards, an average of 5, and thirteen hauls were blank. 

In May, when the bottom mean temperature is increased by 3*4 deg. 
F. over the mean of April, the abundance of gurnards is greatest (Table 
I.) ; but from this period, although the temperatui-e of the water goes on 
increasing until it reaches its maximum in August, the number of 
gurnards diminishes. It is noteworthy, however, that in August, and in 
some places in September, there is again an increase in their numbers. 
The reason of this will be indicated later. It occurs in the inner parts 
of the Firth of Forth, in St. Andrews Bay, the Moray Firth, and the 
Firth of Clyde. About the middle of August — in some years a little 
earlier, and in some years a little later — the temperature of the bottom 
water in the Firth of Forth and St. Andrews JE^y, and in the inshore 
waters on the East Coast generally, begins to decline. The fall is at first 
very gradual, so that the temperature for September is not very much 
below the temperature for August, but in October the fall is very marked, 
amounting to about 2 deg. F. under that for September. It is at this 
time that the gurnards begin to leave the inshore waters for the open sea. 
Just as their inshore migration in spring is associated with the initiation 
of the rise in temperature, so is their offshore migration associated with 
the fall In the temperature. At first, in September, their numbers are 
not greatly diminished, but in October the exodus is marked, and the 
mean temperature is about 2 deg. F. below that of the previous month. 
In November, when the temperature has sunk about 5*5 deg. F. below the 
maximum, comparatively few gurnards remain. In December, a few still 
linger in the inshore waters, with the mean temperature nearly 9 deg. F. 
below the maximum. In January, when the mean temperature is about 
1 1 deg. F. below the maximum, they may be regarded as absent from the 
Firth of Forth and St. Andrew's Bay. Only one small specimen was 
caught in the Firth of Forth (see p. 211); another was got at Liston 
Bank in the open sea, 22 miles east from the Isle of May. 

The close connection between the changes in the temperature in the 
Fjrth of Forth area and the abundance and migratory movements of the 
gurnards is shown in the adjoining diagram (Fig. 2), which also shows the 
spawning period (see p. 222). 
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The temperature changes are practically similar in St Andrews Bay, 
but they differ in the outer parte of the Moray Firth and in the Clyde, 
although the observations in these areas are neither so numerous nor so 
extensive. At the inshore stations in the Moray Firth (L-VI.) the 
changes in the abundance of gurnards in the various months resemble 
those occuring in the inner parte of the Firth of Forth, except that in 
October they are more abundant in the northern waters. When the 
temperature observations are calculated, it is found that they agree fairly 
well with this result. The means for the various months in which 
observations were taken and hauls made at these stetions are as follows : — 



May. 


June. 


July. 


AugUBt. 


September. 


October. 


November. 


48-1° 


SO-S" 


52-3- 


54-2^ 


62-8^ 


52-3^ 


47r 



The corresponding temperatures for the Firth of Forth stations are given 
in Tables IIL and IV., and it will be seen that the temperature in 
October is about 1 deg. F. less. At the outer offshore stations in the 
Moray Firth the temperature observations are not so complete, but they 
show that the bottom water in October and especially in November is 
still warmer, and this is related to the greater abundance of gurnards in 
these months. (See p. 215). The mean temperatures are as follows : — 

May. Juno. July. August. October. November. 

45-5 deg. 47-7 deg. 50-2 deg. 521 deg. 62-6 deg. 49*4 deg. 
There are unfortunately no records for January, February, March, April, 
and December. 

Similarly, the presence of gurnards in the Clyde area in January and 
December, and their abundance in October and November, are explained 
by reference to the higher temperature of the bottom water in that area. 
The observations in the Clyde are not very numerous, but they show that 
in January the temperature at the deeper stations where the gurnards 
were chiefly caught ranges from 47 deg. F. to over 48 deg. F., or about 
5 deg. or 6 deg. higher than in the Firth of Forth, where the same 
bottom temperature exists in the latter part of June. In March, at the 
Clyde stations, the bottom temperature is about 3 deg. higher than in the 
Firth of Forth; in October, at the outer stations, it is about 1 deg. higher; 
in November it is about 2*5 deg. higher, and in December the difference 
may amount to over 6 deg. F., the temperature corresponding then to the 
bottom temperature in the Firth of Forth at the end of July. 

77ie Relation of the Migratory Movement to Reproduction, 

The gurnard begins to spawn in April, and the spawning period extends 
until the latter part of August, in some cases into September. Spawning 
reaches ite height in the early part of June, when the percentage of ripe 
fish is greatest. The curve, based on the percentage of ripe fish among 
those examined, is shown in the diagram (Fig. 2). The period over which 
spawning occurs is therefore extensive, more prolonged indeed than in 
most sea fishes.* Another feature in the reproduction of the gurnard, first 
established by the investigations of the " Garland," is that the spawning 
fish frequent the inshore waters, and shed their eggs there, within the 
Firth of Forth, as well as in the waters a little further off. In this 
respect the gurnard differs from most other fishes, and especially round- 
fishes. Most other adult fishes, such as the cod, haddock, plaice, lemon 
sole, &o., loave the shallower inshore waters at the spawning period, and 
shed their eggs offshore. The gurnard, on the other hand, approaches 

* Fulton—*' The Spawning and Spawning Places of Marine Food Fishes." Eighth 
Annual Heport Fishery Board for Scotland. Part III., p. 267. Tenth Annual Report. 
Part TIL, p. 232. 
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closer to the coaut at spawning time in this area, and it appears to be the 
only fish whose eggs are pelagic that does so. It resembles the herring in this 
particular. The other fishes with pelagic eggs which spawn in the inshore 
waters on the East Coast, as well as in the offshore waters, are the common 
dab, the long rough dab, the flounder, and the sprat. In the case of the 
flounder there is distinct evidence of a movement at the spawning time into 
deeper water than the usual habitat of this fish. In the case of the dabs 
there does not appear to be any marked movement of the kind. The migra- 
tion of the gurnard in April and May from the open sea towards the shores 
is therefore primarily connected with reproduction ; but that it is not 
solely connected with reproduction is shown by the fact that great num- 
bers of small immature fish, which do not deyelop eggs in the same 
season, follow the larger mature gurnards in May. A study of the com- 
ponents of the migrating shoals makes these points clear ; and for this 
purpose the sizes of all the gurnards have been tabulated. 

The size at which the gurnard reaches maturity is about nine inches, 
sometimes a little less."^ The great majority under nine inches may be 
regarded as immature, and the great majority above nine inches as mature. 
All under eight inches may be considered immature, and all over 10 inches, 
at the spawning period, may be looked upon as mature spawning fisL It 
has already been stated that the gurnards caught in the Forth area in 
February and March, when the inshore migratory movement commences, 
were of large size (Table, p. 219). Only one was under 10 inches — viz., 
one of the four caught at Station VII. at the end of March 1894, which was 
only six inches long. Of the fourteen obtained in St. Andrews Bay in 
March, only one was under eleven inches — viz., seven inches. With these 
two exceptions, the March gurnards, the pioneers of the migrating shoals, 
were all spawners. The numbers caught in March were small. Of the 
fourteen caught in the Forth area, ten, or 71*4 per cent., were twelve 
inches or more in length, and thirteen, or 93 per cent., over ten inches. 
Of fourteen caught in March in St. Andrews Bay, thirteen, or 93 per 
cent., were twelve inches or more in length. Of the 545 caught in April, 
whose sizes were measured,J 412, or 75*6 per cent., were over nine 
inches in length; 359, or 65*9 per cent, were over ten inches; and 171, or 
31*3 per cent., were over 12 inches in length. The gurnards under nine 
inches, the great majority of which were no doubt immature, numbered 133, 
or 24'4 per cent. ; those under eight inches numbered only 53, or 9*7 per 
cent. Only two gurnards at five inches were caught in April (0*3 per cent.), 
and none smaller. 

We therefore see that in April, while the great majority of the migrating 
gurnards are adults, moving to the inshore waters to spawn, immature 
forms begin to accompany or follow them. All the gurnards Caught 
from four inches to seventeen inches have been tabulated for each month, 
according to their length, into groups differing from each other by 
intervals of an inch, and curves constructed, which need not be reproduced 
here. They show that in April the larg^est number caught were ten inches, 
in length, then came those of twelve inches, very nearly as numerous ; 
the next most numerous were those at eight inches, and then those 
at six inches. In the next month this feature became strongly 
marked, the majority of the gurnards caught in May being under nine 
inches in length. Instead of 31*3 per cent, being twelve inches or over, 

• Fulton, Eighth Annual Report, Part III., p. 161. Trnik Annval Report, Part III., 
p. 240. Holt, Journal Marine Bioloaical Association, Vol. II., p. 218. Royal Dublin 
Society, Report of Council, 1891, p. 2/6. 

X The fish were first measured in 1888. 
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there are now only 10*2 per cent, of that size. Those over ten inches 
have sunk from 65*9 to 29*6 per cent. ; 58*8 per cent, are under nine 
inches, and 41 '2 per cent, are over nine inches ; 36*6 per cent are under 
eight inches insteieui of 9*7 per cent, as in April. And now we find also 
the very small gurnards, between three and five inches, figuring as an 
important component of the shoals, of which they form 8*1 per cent. 
Gurnards at eight inches were by far the most common in May (576) ; 
the next most abundant were at six inches (438), and then seven inches 
(303), and nine inches (300), ten inches (285), and eleven inches (220) ; 
153 measured five inches, and sixty-one four inches. 

In June the young gurnards continue to augument in numbers. Those 
measuring nine inches or over, the adults, form only 39*5 per cent, of the 
shoals, while those under nine inches have increased to 60*5 per cent. 
The larger forms, at or over twelve inches, have sunk to 7*8 per cent, and 
those at or over ten inches to 22*2 per cent. On the other hand, 
gurnards under eight inches in length have increased to 43*3 per cent, of 
the totals ; but the very small ones, between three and five inches in 
length, have slightly diminished, and form now i '1 per cent of the shoals. 
Thus it would be erroneous to assume that the inshore migration of the 
gurnard is solely in connexion with reproduction, for in June, the month 
in which spawning chiefly takes place, the shoals are composed for the most 
part of immature forms. The proportion of those under nine inches is the 
highest for the year ; the proportion of those under eight inches is only 
exceeded slightly in July and in September. The most common size of 
the gurnards in June was seven inches; of these 448 were caught The 
next most common sizes were eight and nine inches. 

In July the total, or average per shot, continues to diminish (Table I)., 
but the adult gurnards are rather more numerous ; and this increase in the 
proportion of adult (and probably spawning) gurnards becomea much 
more pronounced in August. The proportion of adults — those over nine 
inches — in July rises to 41*4 per cent, an increase of 2 per cent ; but the 
increase of the larger forms is more marked, those over ten inches rising 
to 30*3 per cent, an increase of 8, and those over twelve inches rising to 
14*4 per cent, or very nearly double the proiX)rtion in June. The 
gurnards under nine inches form 58*6 per cent, those under eight inches 
45*3 per cent, and those between four and five inches show a great 
increase to 21*2 per cent. The feature of the month is the increase in 
the abundance of very small gurnards and of the larger adults, and a 
diminution of the medium-sized, from seven to ten inches in length. 
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Fi^. 3. — Showing the proportions of adult and immature gurnards, of variouji nisos, in 
the different months. Line I , over nine inches in length ; IT., at or over ten inches ; 
III., at or over twelve inchen ; IV., under nine inches ; V., under eight inches ; VT., under 
five inches. 
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In August, as has been said, the increase in the larger adults is still 
more pronounced. Thus the percentage of those at or over 12 inches in 
length rises to 25*6, more than three times what it was in June ; the pro- 
portion of those at or over ten inches rises to 42*1 per ceut, nearly double 
what it was in June; those over nine inches form 56 per cent, of the shoals, 
those under nine inches amount to 44 per cent., and those under eight 
inches to 28'9 per cent The feature of the month is the increased 
abundance of the larger adults. In September, the proportion between 
the adults and the immature reverts to what it was in June, the percentage 
of those over nine inches in length being 39 '8, and of those under nine 
inches 60*2. The proportion of large adults is still, however, high — 
viz., 19*5 per cent., those over ten inches amounting to 35*1 per cent 
The special feature is an increase in the numbers of small gurnards, those 
under eight inches amounting to 48*6 per cent, the highest of the year, 
and it is chiefly caused by an increase in those at four and five 
inches, the percentage of which rises to 29*7. In October the percentage 
of the adults and immature is exactly equal. The proportion of 
large adults is still higher, and the special feature is the diminution 
in the numbers of the smaller gurnards under five inches, which is 
also marked in November, when the proportion of adults and of large 
adults rises to approach what it was at the beginging of the inshore 
migration. Thus the adults appear to remain longest in the inshore 
waters ; they come first and leave last. The immature forms come in 
later and leave sooner. The proportions of the different sizes in the 
various months are given in Table V. : — 

Table V. 





5 Inches 
and under. 


Under 
8 Inches. 


Under 
9 Inches. 


9 Inches 
and over. 


10 Inches 
and over. 


12 Inches 
and over. 


March, 




7.1 


7-1 


929 


92-9 


71-4 


April, 


0-3 


9-7 


24-4 


75-6 


65-9 


31-3 


May, . . . 


8-1 


36-6 


58-8 


41-2 


29-6 . 


10-2 


June, . 


4-1 


43-3 


60-5 


39.5 


22-2 


7-8 1 


July, . . . 


i 21-2 

I 


45-3 


58-6 


41-4 


30-3 


14-4 

1 


August, 


10-3 


28-9 


44-0 


.'ie-O 


421 


26-6 


September, 


29-7 


48-6 


60'2 


39-8 


35-1 


19-5 


October, . 


1 137 


40-7 


60-0 


60-0 


43-4 


26-8 


November, . 

1 


' 15-9 


31-7 


33-7 


66-3 


53-9 


27-0 



Two points may be specially considered in connection with the above 
facts, first, the increase in the number of adults in autumn, and second, 
the migration of the immature gurnards into the inshore waters. 

With regard to the former, it appears probable that towards the end of 
July new shoals of spawning adults make their way into the inshore 
waters. The relative increase in the numbers of these large gurnards is 
also an absolute increase; that is to say, the average per haul of the trawl 
is higher, as well as the percentage proportion. Thus the average per 
haul of those at or over nine inches, ten inches, and twelve inches in the 
various months is as follows : — 
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April, .... 


9 Incbea. 


10 Inches. 


12 Inches. 
3-2 


7-6 


6-8 


May, ... - 


17-3 


12-4 


4-3 


June, .... 


13-9 


7-8 


2-7 


July, - - - - 


11-0 


80 


3-8 


August, - - - - 


13-5 


lO-l 


6-1 


September, 


8-1 


7-1 


4 


October. - - - . 


4-3 


3-7 


2-3 


November, 


0-8 


0-7 


0-3 



It will be observed that in August the number of those at or over nine 
inches in length approaches the number in May and June, and that the 
increase is chiefly in the larger sizes. The average per haul of those at 
or over 12 inches is the highest of the year. It will also be noticed that 
the absolute numbers of the larger sizes, as well as their ratio to the 
other components of the shoals, increase somewhat in July. We possess 
at present very little definite information as to the duration of spawning 
in the individual fishes of any species; but it is known from the condition 
of the ovaries and the comparatively small proportion of eggs that become 
matured at the same time that the period in many cases for all the eggs 
to be shed is considerable. This is especially so in fishes which produce 
pelagic eggs, and it is a marked feature in the reproduction of the 
gurnard.* It is no doubt partly for this reason that the spawning period 
of the gurnard as a species is so prolonged ; but it is unlikely that the 
gurnards which begin to spawn in April and May continue spawning in 
July and August. The spawning fishes at the latter part of the period 
more probably do not begin to spawn until the season is well advanced, 
and this opinion is supported by a study of the proportions of ripe gur- 
nards in different, months. In the diagram (Fig. 2) it will be seen that 
the downward slope of the curve from June is interrupted in July and 
August, so that it is prolonged into September, and this agrees with the 
curves representing the proportion of adults at the same time. In all 
cases, whether the average per haul or the percentage is considered, there 
is seen to be a rise in the numbers of the larger adults in July and 
especially in August; and this increase is common to the other areas — 
viz., St. Andrews Bay, the Moray Firth, and the Firth of Clyde. More- 
over, it is found on analysis of the data referring to the different stations 
in the Firth of Forth area that in July there is a rise from June at the 
outer stations (VII L -IX.), and a fall there from July to August and 
September. At the inner stations (I.-IV.) there is, on the other hand, a 
rise from July to September, which might be accounted for on the suppo- 
sition that spawning adults had then moved inwards. 

The migration of the immature gurnirds is obviously due to some other 
cause than reproduction, and may be owing to more abundant food supply, 
the shoaling instinct, or simply to the increasing temperature of the 
inshore waters. It seems reasonable to suppose that the movement of the 
adult gurnards to the inshore grounds at the spawning time would be 
followed by the smaller gurnards also moving inwards, provided the 
supply of food was at least equally abundant. The average numbers 
caught per haul of the net in the various months are as follows : — 

•The Comparative Fecundity of Sea Fishes. Ninth Annval RrpoH Fi/then/ Board for 
i^tland, Part III., p. 250. 
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9 Inches 


Under 


6 Inches ; 




and under. 


8 Inches. 


and under. ' 


April, 


2-5 


10 


004 


May, .... 


24-7 


15-4 


3-4 1 


' June, .... 


21-2 


15-2 


1-4 


July, ... - 


15-5 


12-0 


6-6 


August, - . - . 


10-6 


7-0 


2-6 


September, 


12-2 


9-9 


60 


October, .... 


4-3 


3-5 


1-2 


November, 


0-4 


0-4 


0-2 



The food of the gurnard consists for the most part of Crustacea, especi- 
ally CrangoUy Pandalua, and Portunus, and also to a considerable extent 
of other fishes f but whether the supply of food is more abundant on the 
inshore than the offshore grounds when the immature gurnards begin to 
come in, and forms a factor in inducing the migration, is not clear. It 
may be that the younger forms are specially susceptible to the changes in 
the temperature of the bottom water. It may be seen from Table IV. 
that from April to the end of September and October the mean tempera- 
ture of the bottom water is higher within the Firth than it is outside 
(VIII.-IX), and the great bulk of the gurnards are always to be found 
in the warmest water. 

The Rate of Growth. 

Owing to the prolonged spawning period of the gurnard, the difficulty 
of determining the rate of growth from the collation of the measurements 
at different seasons is very great It is clear that individuals hatched 
in April or May, and those hatched in August or September of the same 
year, will bo of very different sizes in the spring of the following year. 
It is not only that the period of hatching is separated by an interval of 
four or fi^Q months ; even more important is the circumstance that those 
which are hatched in the spring pass their post-larval and young stages in 
the warm water of the summer months when growth is most rapid, while 
those hatched at the end of August or the beginning of September meet 
at once with a falling temperature. It is well known that the growth of 
.fishes during the winter months is very slight; and thus, for the 
two reasons indicated, the size of the young gurnards hatched in one 
season may show considerable range of size even early in the next 
season. There is a further cause of difficulty not always borne in mind — 
viz., that the sizes of the sexes differ — the females being usually somewhat 
larger, as in the gurnard ;t and there is little doubt that the rate of 
growth of the female is somewhat more rapid. The rate of growth of 
different individuals of the same sex also varies. It would therefore 
require a large series of minute and detailed measurements of both sexes 
to determine accurately the rate of growth. 

The very young gurnards are not, of course, caught in the ordinary 
trawl-net of the ** Garland " ; most of them under five inches, and almost 
all at or under three inches, escape through the meshes, t But the majority 
of these small forms are captured by the "shrimp " trawl-net, in which 

* W. K. Smith, Tenlk Annual Report Fiahery Board for Scotland, Part III. pp. 215-218. 
t Tifdh Annual RepoH, Part III., p. 239. 
X TiCfffth Annual Report , Part III., p. 312. 
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the meshes are smaller, and larval and post-larval stages are taken in the 
tow-nets. The latter may be first dealt with. In August and September 
forms ranging up to 16 millimetres in length were taken in the Moray 
Firth; and at the end of October one 12mm. long (= \ an inch), was 
taken in the same area. 



Date. 


No. 


Size. 


1 
August 8th, 1895. , 




ISmin. 


n eth, „ 




11mm. 


»» »> 




13 and 15mm. 


M 25th, 1896. ! 




6 and 10mm. 


)* M 




6mm. 


" j» 




11mm. 


'f i* 




5*8mm. 


M 




10mm. 


n V 




7-5^-5mm. 


M 




5-7mm. 


„ 28th. „ 




5-lOmm. 


M 29th, 1894. 




16mm. 


Sept. 2l8t, 1896. 




4mm. 


M M 




lO-llmm. 


Oct. 29th, 1894. 




12mm. 



Locality. 




Moray Firth, 


IX. 


„ 


XIII. 


♦> 


XIV. 


„ 


VI. 


„ 


VI. 


M 


VII. 


n 


VIII. 


" 


" 


,, 


IX. 


,, 


X. 


Firth of Forth, 


IX. 


Moray Firth, 


II. 


.» 


>> 


„ offBurghead. 



Net. 

Surface. 
Midwater. 

Surface. 
Bottom. 
Surface. 
Bottom. 
Surface. 
Bottom. 



Surface. 



(?) 



Some of these were evidently recently hatched. The occarrence of a 
post-larval form of 12mn). so late as the 29th October is of interest. On 
the same date in another year (1891) a young gurnard of 29mm. (l^in ) 
was procured in the bottom tow-net in Largo Bay, Firth of Forth. On 
2nd September 1892 — nearly two months earlier — a specimen of d2mm. 
(1^ inch) and another of 42mm. (1| inch) were obtained in the bottom tow- 
net at Station VI in the Moray l^irth, which clearly belong to the same 
season and are probably from three to four months old By means of the 
shrimp-net young gurnards about the same size and very little larger were 
procured in November in the Clyde, viz. — under two inches and some 
between two and three inches. The gurnards caught by the shrimp-net on 
the bottom, under three inches in length, are as follows : — 



|TATiLfc. 



Digitized by 



Google 



280 



Part III. — Seventeenth Annual Report 



1 


Date. 


No. 


1 
Locality. 


1. Under two inches 
(61mm.) - 


Nov. 26th, 1895. 


1 




2. Between two and 
three inches, - 


Jan. 24th, 1899. 
April 22ud, 1896. 


1 
3 


Station VII., Firth of Clyde. 
„ X., 




May 4th, 1893. 


1 (Sin.) 


Smith Bank, Moray Firth. 




„ 10th, „ 


7 


SUtion XV., „ ; 




Sept Ist, 1896. 


1 


„ VII., Firth of Clyde. 




„ 17th, „ 


1 


„ IV., 




Oct 14th, „. 


18 


„ XVI., Moray Firth. 




„ 23rd, „ 


1 


., v., 




„ 2fith, „ 


4 


„ VII., 




t) M 


2 


„ VIII., 




.J .» 


5 


,. IX., 




Nov. 8th, 1892. 


4 (2i-3) 


„ ni.,StAndrew8Bay.! 




n M 


1 (2^) 


,. I., 




9th, 1897. 




,, IX., Moray Firth. 




„ nth, „ 


2 


„ VII., 




n n 


2 


„ v., Firth of Clyde. 




„ 22nd, 1896. 


1 


„ v.. 




„ 26th, „ 


2 


„ VII., 




„ 26th, „ 


1 


„ X., 




., 26th, 1896. 


4 


„ VII., Moray Firth. 




U 51 


2 


., VIII., 




»» »> 


5 


„ IX., 



It will be observed that no gurnards under three inches in length were 
caught between May and September, and that the greatest numbers were 
caught in October and November. The absence of these small gurnards 
is not due to no hauls having been made in the intervening months. 
Hauls with the shrimp-net were also made in June (10 in number), July 
(6), and August (11). The numbers caught in each month in which 
hauls with the shrimp-net were made are as follows : — 

Jan. April. May. June. July. Aug. Sept. Oct Nov. 

No. of Hauls. ... 12 41 34 10 6 11 23 25 13 
No. of Gurnards 

under 3 inches, ... 13 8 00 023024 

Average, 0'08 0-07 0*23 0-0 0*0 0-0 0*09 1*2 I'S 

One conclusion from these facts is clear — viz., that the gurnards under 
three inches in length caught in January, April, and May belong to the 
previous year's spawning. The increased number caught in May is no 
doubt due to the participation of the young forms in the migratory move- 
ment at that time (see p. 224). The absence of a single specimen under 
this size in June, July, and August is probably largely owing to the 
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growth of the young gurnards hatched in the previous season to a greater 
size than three inches. It also appears probable that the gurnards from 
two to three inches in length caught in October and November belong in 
part at least to the same year's spawning, so that those caught in 
October might be five or six months old. Those caught in January 
must be at least five months old, and those in May eight months old, but 
in these cases growth would be retarded by the low temperature in the 
winter months. In considering the sizes somewhat larger the difficulties 
previously alluded to became more evident, inasmuch as the gap 
separating the gurnards of different years begins to be bridged over. Still, 
it is noteworthy that in plotting out the curves of the various sizes for 
each month, the sizes are aggregated in various groups. Thus in April, 
there is a group at six inches, a group at eight inches, one at ten inches, 
and one at twelve inches. In May there are great groups at six inches, 
and, especially, eight inches, and at ten inches. In June the chief groups 
are at seven and nine inches. In July a group at five inches is prominent, 
then one, not so sharply pronounced, at 7-8 inches, and a group at ten 
inches. In August the group at five inches is sharply marked, there is a 
group 7-9 inches, and a pronounced group at twelve inches. In 
September there is a group 4-5 inches, and at eight inches, ten inches, and 
twelve inches. In October the chief group is at six inches. When the 
hauls for each individual month in each year are analysed in the same 
way they indicate a similar grouping. In April there is always a marked 
drop between six inches and eight inches, which is also shown in May, 
as well as a rise at ten and twelve inches. Individual hauls, in many 
cases where the numbers are fairly large, give evidence of a similar 
grouping. It would appear that the gurnards ranging about six inches 
in length in the spring of any year are from eighteen months to two 
years old, and that maturity is not reached until the third year, as in the 
case of most other sea fishes. 
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VI.— ON THE RATE OF GROWTH OF PLAICE. 

By Harald C. Uannbviq. 

(Plate IX.) 

In connection with various researches that are being carried on at the 
present time it is a matter of some importance to be able to determine 
the approximate age of young flat-fishes at different times of the year. 
Records of observations conducted in their respective countries with 
regard to several species have been published by Dr. J. G. Joh. Petersen 
in Denmark, Mr. J. T. Cunningham in England, and several other 
investigators. But the rate of growth of flat-fishes has been found some- 
times to differ considerably in various parts of the North Sea and its 
branches, so that the information supplied from elsewhere might be at 
variance with the conditions in Scottish waters. In connection with 
experiments carried on at present with a view to test the utility of sea- 
fish hatching in this country it has become of much importance to be able» 
if possible, to distinguish between the fishes from the different years' 
hatching ; or, in other words, to determine the age of the young plaice 
found on shallow beaches at the various seasons of the year. With this 
object in view it was deemed desirable to obtain further information 
regarding the conditions in this respect in Scottish waters, and in the 
following report an account is given of some observations that have been 
made at Dunbar for this purpose. 

A very simple method by which information might he gathered 
regarding the growth of young fishes is to keep specimens in suitable 
tanks where observations of their growth can be made with ease and 
accuracy at regular intervals. Tliis was also tried in this case ; but it was 
found that the results thus arrived at did not always correspond with 
what the case appeared to be in nature. And after all, there are many 
and strong reasons why fishes reared artificially from the size of a few 
inches might differ in the rate of growth from those living in the sea. 
Information gathered in the one case might only be of doubtful value in 
regard to the other, although useful for comparison. For this reason 
in particular, but partly also on account of the inconvenience con- 
nected with the maintenance of a constant circulation at the time of the 
year when the hatchery was not working, these experiments were dis- 
continued after the lapse of six months. Another method had in the 
meantime been adopted — viz., to make observations at regular intervals 
on young plaice captured in the sea. The Tyningham sands were selected 
as a suitable locality for such observations, since they form the most 
important nursery for plaice in this district. These sands, which are 
situated about one mile to the west of Dunbar, are about two miles long 
and about half a mile broad between high and low water marks at spring 
tide. The distance from low-water mark to a depth of four and a half 
fathoms, where the stony nature of the bottom renders trawling impossible, 
is also about half a mile. The sands lie open to the north-east, and are fully 
exposed to the rough weather that is sometimes experienced from that 
quarter. A shrimp-trawl with a twelve-foot beam was used for the 
capture of the fish. It was generally towed by a small steam launch, but 
in a few cases by a fishing yawl. Examination of the sands was made at 
intervals from July 1896 till June 1897, and on each occasion hauls were 
made at low water in the various depths from one to four fathoms. It 
was thought that such trawling might also furnish information with 
regard to increase or decrease in the abundance of young plaice on the 
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sands from year to year, and detailed records were taken of all the con- 
ditions likely to influence the quantity of fish captured on each occasion. 
The principal conditions in this respect were found to be (1) the state of 
the sea — whether smooth or rough on the day of trawling and during the 
preceding days ; (2) the transparency of the water ; (3) the direction and 
strength of the wind ; and (4) the state of the atmosphere — whether bright 
sunshine or cloudy, foggy, and dull. Owing to the free north-easterly 
exposure, the prevailing northerly to easterly winds during the autumn 
and winter months cause the sea to be very rough on these sands for the 
greater part of that time ; and in this kind of weather the whole locality 
was sometimes found to be almost deserted of fish. The effect of such 
disarrangement could be observed for a couple of days after the sea had 
subsided. But after a storm (or heavy rains) the transparency of the 
sea-water on this coast is always greatly reduced, and remains so for 
several (4 to 8) days afterwards if calm weather and neap tides happen 
to follow. Under these conditions the fishes in the shallow water would 
not so readily observe the approach of the trawl in time to make their 
escape, and rich hauls were then always made. When the water was 
clear and calm, and the sun bright, a considerable number of fish could 
be seen gliding away from the boat and the trawl when working in the 
shallow water (from 6 to 15ft.), and very probably a certain number 
would also escape in this way when trawling was made at a greater 
depth. Another circumstance that influenced the quantity of fish 
captured was the speed of the boat, which was affected by the strength 
and direction of the wind. Owing to the frequent chances in these 
various conditions, and their strong influence on the number of fish 
captured, it would be necessary to examine sands thus situated at very 
frequent intervals and for a long period (years) before reliable statistics could 
be procured with regard to the changes in the actual abundance of fish there. 
But while the records of the trawling conducted during the one year 
cannot be used as a definite standard in this respect, they fiurnish some 
interesting results in regard to the main object in view ; they show how 
the different sizes of plaice were found at various depths, according to the 
prevailing physical conditions and seasons of the year, but what is of 
still more importance — the fishes captured on each occasion were found 
to be separable into certain groups, representing the fishes hatched in the 
different years. 
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TABLE I. — Showing the Phybical Conditions whbn Trawunq was 
MADE, THE Particulars connected with, and the REsniT of each Haul. 
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In Table I. are recorded the prevailing physical conditions on each 
occasion when trawling was conducted, and also the particulars connected 
with, and the result of, each haul. Days with similar transparency of 
the water were selected as far as possible for the work, but owing to the 
exposure of the locality during the winter it was often necessary to take 
advantage of any opportunity that offered when the weather permitted of 
trawling in the shallow water. For some considerable intervals it was 
very risky to approach the shore in the boat, and the work had to be 
suspended for the time. 

It was observed to be a general rule that (1) if the water was clear and 
calm the smallest fishes (below 100 m.m.) were found in the shallow 
water above the 15ft. limit, while the larger sizes were captured 
principally at greater depths ; (2) if the transparency of the water was 
low, and the sea smooth, the larger fishes were mixed amongst the small 
ones close inshore ; while (3) if there was any sea on, the smallest fishes 
were found in the deep water, and the larger ones were scattered all over 
at various depths. It may be mentioned, as a curious circumstance, that 
the youngest plaice were invariably found to be most abundant in the 
same depth of water as the common shrimp. As all the plaice captured 
on each date represent the sizes for that time, the results of the various 
hauls have been combined into one series. These series are represented 
in Table 11. , where also the detailed measurements, reduced to the nearest 
or 5 in millimetres, are given. 
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TABLE II. 
Showing the Number and Sizes of the Plaice captured on bach Date 
AND AN Indication of the natural Groups into which the 
Fishes rab divided. 



Size in m.m. 


NUMBER AND DATE OF 


THE SERIES. 




Size 


PAniioAfI 




















to nearest 


I. 


11. 


III. 


IV. 


V. 


VI. 


VII. 


Vlll. 


IX. 


X. 


in 
inches 


5or0. 


June 


June 181 July 16 


Aug. 31 


Sep. 18 


Oct. 6 


Nov. 9 


Dec. 9 


Feb. 10 


Apr. 29 


20 






5 
















~f 


25 






59 
















80 






119 
















'% 


35 






113 
















40 






110 


"9 


'3 












^A 


45 






74 


92 


25 


1 


"5 








^ 


50 






70 


169 


80 


12 


9 


■4 


2 




2 


55 






m 


155 


205 


27 


14 


5 


10 




'k 


m 






31 


190 


229 


32 


26 


1 


8 


■4 


65 






17 


93 


140 


36 


17 


4 


7 


5 


2A 


70 






3 


36 


67 


33 


9 


4 


1 


18 


21 


75 






., , 


20 


18 


14 


2 




2 


9 


1 


80 




1 




12 


15 


9 


2 


2 . 


1 


12 


85 


"i 


1 




^ 


5 


7 


2 




3 


6 


si 


90 


4 


5 






2 


6 








4 




95 
100 


8 
15 


6 
13 




"i 

1 




2 
1 




1 




5 
^ 1 


3 


^r 






105 


7 


9 


6 


1 


1 




- 


i 






110 


13 


14 


10 


2 


1 


3 







" 




^t? 


115 


2 


10 


8 


2 




2 








1 


4| 


120 




5 


4 


1 




4 











4j 


125 




4 


6 


7 


"'4 


7 


i 








% 


130 




4 


2 


4 


2 


8 








"2 


135 




3 




5 


4 


6 


"'i 






3 


5A 


140 




2 


■3 


11 


4 


6 


2 






8 


145 




4 




3 


5 


3 








4 


ii 


150 


1 


2 


"2 


7 


2 


5 


i 






4 


155 






1 


4 


5 


2 


\ 


1 




4 


^ 


160 








3 


1 


3 


2 




2 


.•a 

7,V 


165 
170 




2 
1 


^^-~^~ 




1 


1 


1 
3 






6 

7 




1 


175 

180 






1 


1 


2 





1 






6 

1 




1 




185 










1 


i 


1 


1 


1 


1 


7A 


190 
195 








"i 
2 


"2 


"i 


3 
1 


3 

1 




1 
2 


7i 


... 


200 




2 






3 


1 


3 


1 


1 




u 


205 








■'i 














h^ 


210 








3 




'2 


■4 


1 


"i 




H 


215 








2 


i 


1 


4 




2 




8| 


220 








2 


1 




1 




2 




1 


225 




i 




1 


3 


i 


4 




3 




230 








2 


1 




5 


i 


3 




% 


2:^5 








. 2 


3 


"i 






2 




240 








1 


1 




"2 








"h 


245 






















250 










"3 


"i 


"6 






... 


n 


255 














1 




■*i 




lOA 


260 










"i 


"i 


1 




1 




265 
270 












. -■■■ 










lOA 


1 


276 
280 
285 












2 


1 
2 


1 










290 


















2 




^Ifl 


296 






















300 
305 






"2 




i 




2 


"i 






"t! 


310 
315 














"i 




"3 




^?^ 


Total 
























number of 
























each Series. 


61 


89 


716 


846 


844 


243 


143 


34 


67 


116 
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From this Table it will be seen how the plaice captured at the various 
times of the year separate themselves into more or less distinct groups. 
The distinction is sometimes well marked, as for instance in Series III. 
(July 16th), where the size of the fishes in the first group begins at 20 
millimetres, and continues to 70mm. ; while the sizes in the second group 
begin at lOOmm. A closer examination of each of these groups shows, 
first) a gradual increase in the number of the fishes for each 5 mm. of 
increase in length, and then a subsequent decline — a peculiarity justify- 
ing the conclusion that each of these groups represents the fish of different 
years. As was to be expected, the most distinct groups are those formed 
by the youngest fishes. Although the proportionate difference in rate of 
growth in some cases might have been considerable, the fishes are still so 
young and small that the range in size could not be great. But natur- 
ally, since the variation in the rate of growtli becomes more accentuated, 
the subsequent groups are more expanded, and in a few cases overlap 
each other. For this reason it has sometimes been difficult to distinguish 
these groups. In Table II. the various groups in each series have been 
separated by a double line (thus ), and although the correct position 

of these limits in some cases might be a little higher or lower, I think the 
places chosen are justified from the fluctuation in the numbers of the fish 
of the various sizes. Bat whether the few specimens that in each case 
approach the limits drawn are included in the one group or the other, 
their influence upon the^ average size of each group is generally very 
small ; and iu the following remarks the averages only will be considered. 
But, when estimating the value of the different averages, the number of 
fish from which each of them has been deduced must be taken into 
account, and in Table III. the number of fish in each group is given, 

TABLE III. 

Showing the Average Size in Millimetres and the Total Number 

OP Plaice contained in each Group op the various Series. 





Series I. 


Series 11. 


Series in. 


Series IV. 


Series V. 


c 


«>• 


u 


. 


^ i . 


c 


6 


u 


. 






1 


1 


t 


i i 1 


' S 




a 


t 









3 


> 


5= > 


3 


> 


s 


> 


Groups A, 


'^ 


< 


5?; 


< 




"^ 


< 


^25 


< 






... 




667 


40-7 


776 


56-5 


789 


59-6 


„ B, . 


51 


104-9 


83 


112-1 


45 


118-1 


52 


135-9 


31 


138-7 


„ c, - 






6 




1 


,. 


214-4 


25 


214-0 




Series VI. 


Series VII. 


Series VIII. 


Series IX. 


Series X. , 


J 

S 


1- 


a 




1 


1 


i 


o 


a 


1 







> 


d 


> 




> 


► 


s 


> 


Groups A, 


^ 


< 


525 


< 


S?; 


< 


^ 


< 


^ 


< 


180 


660 


86 


(60-7) 


22 


65-2 


34 


62-9 


65 


77-2 


„ B. - 


50 


(135-0) 


13 


1550 


2 1 ... 


1 




50 


1560 


„ c. - 


11 


220-0 


37 


221-6 


8 ... 

1 


16 


226-9 
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together with their average size. As the principal hatching time for 
plaice on this coast is April, and the young fishes after having passed the 
pelagic post-larval stage are found on the sands in June and July, the 
plaice that were captured in April (Series X.) must be one year old or 
more. The measurements show the average size of the youngest group of 
65 fishes to be 7 7 •2mm., which therefore indicates the average growth of 
the plaice during the first year. The average size of the second group in 
Series X. is 156*0mm., and represent the two-years old fish. The differ- 
ence between these two averages is 7 8 '8mm., and should indicate the 
second year's growth. As there is no reason why the difference in size 
between the first and second, and between the second and third groups 
should not be the same the whole year round and respectively equal to 
the second and third year's growth, a comparison of these groups will 
be of value, and may serve as a basis for calculating the growth-rate 
during the various years. 

TABLE IV. 

Showing the Result of Comparison between A and B, and between 

B AND C Groups. 



Order of the Series 
comparable, 


III. 


IV. 


V. 


VI. 


VII. 


X. 


Mean Yearly 
Increase. 


Difference in aver- 
age size between 
A and B groups, 


77-4 


79-4 


78-2 


69-0 


, 94-3 


78-8 


79-6 mm. 


Difference in aver- 
age size between 
B and C groups, 




78-5 


75-7 


(86-0) 


1 (66-5) 




76-4 mm. 



In Table lY. such comparisons have been made, and they show first of 
all that, with the exception of Series VI. and VII., the separation of the 
various groups— A, B, and C — must be nearly correct, and also the calcu- 
lated average size. The cause of the great irregularities in Series VI. and 
VII. will be seen from Table III. Thus, in Series VI. the value of the B 
group (135*0) is clearly too small, and so also is the A group in Series 
VII. But when the somewhat limited number of fish that were examined 
in some cases is taken into consideration, it is surprising that the calcula- 
tions relating to the two first groups should compare so well. Owing to 
the small numerical representation of the C group, less importance can be 
attached to the average values that have been deduced. There appears, 
however, so far as the data go, to be a recognisable decrease in growth- 
rate during the third year. The above deductions from these experiments 
may be summed up as follows : — 

1. The average growth of the plaice during its first year appears to be about 77 '2mm. 

2. „ ,, second „ 79'5mm. 

3. ,, „ third „ 76'4mm. 

4. The total average lengfth at the end of the first year appears to be about 77 '2mm. 

5. ,, „ second ,, 156*7mm. 

6. „ „ third „ 238'lmm. 

So far as these observations go, it would appear that the average linear 
growth-rate of tlie plaice is a little greater in the second than in the third 
year ; and while from want of data it is not possible to prove anything 
I'egarding the following (older) groups, it is natural that a continuous 
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decrease in growth-rate should exist in all the groups until the fishes have 
become full grown. 

Another point of interest brought out by these experiments is the 
growth of the young plaice at the various seasons of the year. The 
average sizes in the A, B, and C groups in Table III. will also serve as a 
measure in this respect. Group A represents the first year's growth, and 
a comparison of the average sizes in the various series shows the gradual 
growth from July till the following April. In the B group the growth 
during the second year can be followed ; and the C group shows the pro- 
gress during the third year at the various seasons. In all three groups it 
will be noticed that the increase in length is greatest between May and 
October, when it gradually diminishes and almost comes to a standstill 
during the cold part of the year, from November to March. At that time 
the growth rate begins to increase again till it reaches its height in the 
middle of the summer. 

In Plate I. is given a graphic illustration of the gradual growth of the 
plaice, during thirty-two months, from a size of 40*7 to 229*1 mm. when 
the fishes were about thirty-four months old. The black line (No. 1) 
combines the average sizes for the various dates, as shown in Tables II. 
and III. ; and the three yearly groups — A, B, and C — have been con- 
nected in succession. The small irregularities in this line are caused by 
undue fluctuations in the averages calculated from the captured fishes, and 
have already been referred to. But the main curvature of the line is clearly 
indicated, and has been represented by the red line in the Plate, which is 
an approximate representation of the gradual growth of the plaice from 
month to month for almost three years; and it shows clearly the alternate 
increase and decrease in the growth-rate according to the season. 

The sum of the results of these observations may be said to be (1) 
that the plaice during the first year of its life may be separated with 
considerable accuracy from the previous year's fish, (2) that distinction 
is also possible between the second and the third year's fish, although the 
limits here are less marked, and (3) that the growth-rate of the plaice is 
greatest in the summer, increasing in the spring and decreasing in the 
autumn, while it is almost arrested during the winter. It rises and falls 
very much in correspondence with the temperature of the sea on the 
coast 

The conclusions arrived at in the previous pages regarding the i;ate of 
growth of the plaice, particularly during the first and second years, are 
based upon the results of systematically conducted fishing. As the 
average sizes that have been quoted are deduced from the measurements 
of well-defined groups, there are strong reasons why my results, relating 
to the first two groups at any rate, ought to be fairly correct represen- 
tations of the actual facts. But as these results vary considerably from 
those attained by Dr. Petersen regarding the growth-rate of the pLeiice in 
Danish waters, I have found it necessary to subject his records to a 
somewhat close examination. 

Dr. C. G. Job. Petersen* has conducted some extensive researches 
in the Kattegat in connection with the plaice, and he has furnished 
valuable information as to the distribution of this fish and the minimum 
size at which it becomes mature in these waters. By examination of a 
large number of specimens Petersen has shown that the plaice in the 
Kattegat spawns at a comparatively small size. Petersen has estimated 
the average size of the mature plaice in the Baltic to be about 10 inches, 
in the Lesser Belt about 17 inches, and in the Kattegat 12-13 inches at 
least (p. 3). On the £ast Coast of Scotland the average size of the mature 

•Report of the Danish Biological Station IV., 1893. 
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female plaice appears to be 19-20 inches. These figures^ however, are to a 
certain extent influenced by the amount of fishing, or rather over-fishing, 
that has taken place at the different places. He found males and 
females in a ripe condition about seven inches long, and as the minimum 
size at maturity may be considered a measure in regard to the size of the 
race it is concluded that the plaice living in these Danish waters belong 
to a smaller race than the one existing on the Scottish east coast, where Dr. 
Fulton has found the minimum size of the male at maturity to be 
about thirteen inches, and of the female about fifteen inches.* 

In a series of Tables Petersen has illustrated the results of a great 
number of hauls made with several kinds of gear in different localities 
and at various times of the year, and the several groups of plaice shown 
in the Tables have been marked by him according to the age he considered 
them to be. From this classification it will appear that the growth- 
rate of the plaice in these waters should be considerable. Petersen has, 
for instance, suggested that the smallest spawning fishes are in their 
second or in their third year (page 3). But if it is taken as proved that 
the plaice in the Kattegat belongs to a smaller race, then there is strong 
reason for believing that the growth-rate per year should also be less than 
on the Scottish east coast. In that case, however, the groups formed by 
the fishes captured by Petersen cannot always represent the natural 
annual series, but must be somewhat artificially produced combinations, 
and therefore misleading. Petersen himself seems to have had a feeling 
of this kind in one case (page 17), when he suggests that the different 
ways in which the investigations were sometimes conducted might have 
had some influence in this respect. I think that this may be proved in 
several cases from his Tables. And not only the kind of gear will 
influence the size of fishes captured, but also the depth of water and the 
extent of bottom area examined at the various depths. Petersen's ideal 
mode of illustrating the various annual groups appears to be (page 18) 
to capture, if possible, an equal number of each of them, thus getting 
rid of undue influence by the greater range of growth shown by the groups 
comprising the greatest number of fish. This method would certainly 
give an excellent result if it was known beforehand where the greater 
mass of each group was located. 

But as this is not and cannot be known with accuracy until the fishing 
has been conducted and the results examined, the choice of the fishing- 
places will mostly be a mere matter of guess. Petersen has generally 
investigated certain selected depths only, sometimes miles apart, and the 
grand total of a number of hauls made, nay even each individual haul, 
cannot claim to be a true representation of distinct annual series ; they 
may or may not be so ; under normal conditions there is no reason why 
they ought to be. The correctness of this statement is evident from the 
following : — 
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* ** Race " is not here meant to imply distinction between the Plaice in the Kattegat 
and on the East Coast of Scotland further than differences in growth rate, which may be 
due to more or less favourable conditions of growth only. 
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Size in 
Diinish 
inches. 



22 © 

s.s 

OS I 



5 vU w 



at 



I II 



1— 



1 mnn 
^ Oroup- 
7 marks. 







5— 



8— 



10- 



25 

72 

126 

72 

89 

83 

100 

100 

83 

47 

46 

51 

50 

24 

24 

8 

15 

15 

23 

15 

9 

8 

4 

9 

3 

1 

3 

2 



2. 

Aalbeck, 

July 8th, 

1893. 



|5 
1^ 



PL4 



i2 



3. 

Aalbeck, 

July 8th, 

1893. 



4. 

Off 

Aalbeck, 

July 8th, 

1*893. 



.S * 

05 « 



o 



23 

70 

121 

58 

32 

10 

7 

5 



5. 
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E.N.E. 
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Aalbeck, 

July 8th, 

1893. 



J 



GO 



§ 2 
B o 



4 

14 

55 

72 

91 

94 

81 

38 

41 

37 

43 

20 

15 

6 

3 

6 

5 

2 

2 

2 






2§«2 



6. 

6 miles 

E.N.E. 

from 

Aalbeck, 

July 8th, 

1893. 



Si 



12 



2d 



3 



4 

14 

80 

144 

213 

152 

115 

49 

50 

43 

45 

29 

20 

20 

10 

11 

15 

4 

14 

11 

18 

13 

7 

6 

4 

9 

3 

1 

3 

2 



Dr. Petersen's Table, which is here reproduced in its entirety (Table 
v.), shows the results of a series of hauls made with different kinds of 
gear, and at various depths, as specified for each column. On this 
occasion Petersen has given a good demonstration of how the larger fishes 
are proportionately most abundant in the deeper water, while the smaller 
are found at a less depth, and in this respect the Table is of value. 

The same, however, can hardly be said as regards its illustration of 
successive annual series, which, if the grand total is considered, have 
become almost entirely obliterated. 

If the young plaice, say from one to four years old, lived together 
thoroughly intermixed in a certain area, then the result of one haul, or 

• It is difBcult to see how this column haa been mado up — it is not a mmmary of the 
fiTO following columns, such as is shown in column 7. 
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the sum of several hauls made in that place, would at once prove or 
disprove the possibility of pointing out the successive annual groups, and 
would also show thoir numerical relation to one another, with an accuracy 
proportionate to the number of fishes captured. But as the size of the 
growing fishes must be in some proportion to their age, and as it has been 
well established that the plaice, under normal conditions, increases in 
size from shallow to deeper water, it follows that the mass of the 
older fishes must live at a greater depth than the mass of the younger ones. 
This, again, means that the annual series of plaice, whether distinguish- 
able or not, in principle must follow one another in succession from the 
shallow to the deeper water, and though perhaps overlapping one another 
at the margins, still claim for themselves areas of their own, each of 
which being inhabited — not solely, but principally — by the greater bulk 
of one particular series. 

Thus the size of the plaice captured very much depends upon what 
depth of water has been examined. A haul made about the centre of any 
area which was the special habitat of a particular series would principally 
contain fishes belonging to that series, and would only show more or less 
indistinct indications of the neighbouring ones. And hauls made at any 
place where such areas merged into one another would not contain fishes 
belonging only to one series, but to the two adjoining series ; and these in 
most cases would become well intermingled, and would have the appear- 
ance of one very much extended group. When, therefore, Petersen 
conducted fishing operations at four or five different places within an area 
extending from the shore to about six miles at sea, and had a depth 
ranging from nothing to eight fathoms, it is clear that the result is of 
doubtful value as regards the demonstration of the true annual series of 
plaice. His choice of fishing-places, however carefully considered in 
regard to other purposes, must have been to a large extent a matter of 
guess as regards the location of the various series, and their representation 
is therefore often erroneous. It must be remembered, "however, that Dr. 
Petersen's elaborate work was not carried on solely nor principally for 
the purpose of studying the growth rate of the plaice. 

Another, and I think better, method by which the natural series or 
groups could be well shown would be to capture all the fishes living on a 
strip of ground, say 10 to 15 yards wide, and extending from the shore 
to the greatest depth within the locality that he examined. Such a 
collection ought to show the distinction of all the groups living within 
the area, and in their approximate numerical proportions to one another. 
To realise such an ideal method in its entirety would be difficult, or 
perhaps impossible; but a fair approach may be made if the fishing is 
conducted on lines at right angles to the shore instead of along it. In 
the former case all depths and areas could be examined without trouble, 
while this in the latter case is almost impossible. 

1 shall now examine some of the groups shown in Petersen's Tables, 
and when possible single out what fishes appear to me to belong to the 
varicus annaal series. Most information regarding the smallest fishes is 
contained in the records for 1893 (Tables III., IV., and V., second part). 
I snail also confine my examination to the northern portion of the Katte- 
gat, and principally to the coast line north of Hals. 

The small plaice not yet one year old (Petersen's "0" group) are only found 
to inhabit the very shallow water along the shores, and, owing to their 
comparatively small range in size, they are always marked oflf distinctly. 
This group was principally studied from May to October 1893, when 
fishing with a ** prawn-catcher" was conducted near Fredrikshavn. The 
results are recorded in Petersen's Table III., which I have here repro- 
duced (Table VI.) The "0" group is distinctly shown for May, June, 
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July, September, and October, and in Table VII. is giren a summary of 
the details relating to this group, deduced from Table YI. 

Table VI. — Reproduced from Petersen's Table III., containing the 
Eecords of Fishing conducted near Fredrikshavn from May to 
October 1893. 
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Table VII., showing details of Measurements, &c., relating to the "0" 
Group in Table VI. (Petersen's Table III.).* 



1 


May 12. 


June 10. July 9. 


Aug. 


Sept. 21. 


Oct. 19. 


Range of the Group, - 


i"-r 


r-1" r-H" 


• 


ir-3" 


ir— 3" 


Totel Number, - 


••Many." 


28 66 




172 


22 


Average Size, - 


About 
0-5" 


0-848" ; 1-204" 


• 


2011" 


2-239" 



*In this and the other Tables relating to Petersen's work all measurements are given 
in Danish inches. 1 Danish inch = 26*1 mm. 
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As the group is fairly well represented numerically, the averages 
deduced will be approximately correct and represent the main growth- 
rate of the plaice to October 19th. The only other instance where the "0" 
group is recorded from the Northern Kattegat in 1893 is contained in 
Petersen's Table V., when 17 specimens were captured at Aalbeck on 
July 8th. They have an average size of 11 17 inches, which corresponds 
with the average for July 9th in Table VII. (difference only 0-087 inch). 
The distinction of the "0" group in the above Tables is in accord with 
Petersen's own classification, and is undoubtedly correct 

The " 1 " group, comprising fishes of more than one but less than two 
years of age, is also indicated in Petersen's Table III., and I give here a 
summary from that Table as regards this group. 

Tablb VIII., showing Particulars regarding the " 1 " group as contained in 

Table V. 



Date. 


Mayl 


June 10. 


July. 


Aug. 


Sept. 21. 


Range of the group, Danish 
inches, 


\rsh" 


2^"-3f" 




— 


H".5i'' 


Total numbers in the group, - 


40 


41 


— 


— 


38 


Avge. size in Danish inches, 


2-619 


2-982 


— 


— 


4-407 



Owing to the presence of this " 1 " group, it is evident that the fishing 
was conducted in sufficiently deep water for the "0" group, and this may 
also be said as regards the group in question here. In conformity with 
what has already been said, it may be argued that if the fishing had been 
extended to deeper water, larger fishes would have been captured. Owing 
to the mode of fishing in this case, it is probable that all depths have 
been examined within a certain area, and though the greatest depth has 
not been stated, it is evident that if the net had been shot still further 
out, particularly on September 2l8t, a larger portion of a third group 
would have been captured, which now is only indicated as existing 
between 5^-7^ inches. But as on that date — September 21st — the "0 " 
group is present and also part of the " 2 " group, the " 1 " group ought to be 
duly represented. On June 9th (Petersen's Table V.) a group of plaice 
was captured by a sandeel-net near the Scaw. The fishes ranged from 2 to 
4 J inches, and had an average size of 2*796 inches. Petersen has appar- 
ently been in doubt as to the age of this group, and has placed his " 1 " 
group mark on the 4-inch line, thereby suggesting that the fishes in question 
belong to an " " group — that is to say, under one year old. But the 
proper "0'* group at this time has been found to exist at the range |-iuch- 
1-inch, and has an average size of about 848 inch (see Table VTI.). The 
group captured at the Scaw must therefore be more than one year old, 
and its average size corresponds well with the ** 1 " group for June in Table 
VIII. But while the great mass of these fishes are representatives of the 
" 1" group, there are not sufficient details to show whether specimens of any 
other group may be included, and much importance need not be attached 
to its average value, No further information is supplied regarding this 
group in the Northern Kattegat for June 1893, but from what has 
already been said it is evident that the two youngest groups of plaice in 
these waters in June had an approximate position as indicated, the one 
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averaging about 0'8 inch* and the other about 3*0 inch. The only instance 
where the "0" and " 1" groups may justly be compared in these Tables is for 
September 21st, when a difference is found = 2'S96 inches. This figure is 
therefore the only reliable indication of the growth for the first year 
(September to September). 

My own experiments show (which has also been observed by Dr. 
Petersen) that the growth of the plaice during the winter months, while 
the water is cold, is very small indeed, and it is therefore reasonable to 
expect that the "0" group, which can be followed in Table V. from May to 
October, when it has an average size of about 2*239 inches in the end of 
March or the beginning of April, will average about 2*4 inches. But it 
is then one year old, and constitutes the new " 1 " group. During the latter 
part of April and the beginning of May the growth-rate is again increas- 
ing, and it corresponds well to find that the " 1 " group at that time (May 
12th) averaged about 2*619 inches, and on June 10th 2*982 inches. 

I have already explained why the records contained in Petersen's 
Table V. (reproduced in Table V.) are not well qualified to illustrate the 
various annual series living within the six-mile limit in the locality where 
the fishing was made, and an attempt to outline all the series that are present 
is dangerous, owing to the mode of fishing. Two groups, however, are 
distinctly indicated, viz. : — (1) the "0" group, or under one year, as previ- 
ously referred to; it ranges between | of an inch and \\ inches, and has an 
average size of 1*117 inches, (2) The "1 " group, or over one year, which 
is confined to a range between 2 inches and 4| inches, must also be con- 
sidered duly represented. The fishes comprised in it were captured at a 
depth of 2\ fathoms and below, and the fishing in deeper water shows 
that another group exists there, merging towards the '4 " group. [Column 
5 represents (1) part of the " 1" group — below 4| inches, (2) a **2" group — 
between 4 J inches and 7 inches, and (3) part of a " 3 " group — above 1\ 
inches. Column 6 contains chiefly the "3 " group — above 7 inches ; it is, 
however, apparently mixed with the "2" group]. This **1" group, thefishes 
of which were captured on July 8th 1893, and was identified by Petersen, 
has an average size of 3*332 inches, and agrees with the results regarding 
this group in May, June, September, and October (see Table VIII.). 

The more or less favourable conditions prevailing in different years will 
no doubt have some influence on the growth of the plaice ; but there is 
no evidence to show, and it must be considered very improbable, that 
the effect of such variations will be so great as to efface the distinction 
between similar groups in two successive years. With due care and 
allowance for possible variations, it ought to be quite possible to supple- 
ment the one year's records with those of the preceding. Petersen's 
Table V. (second part) contains the result of eight hauls, made with an 
eel-seine net between July 12th and 19th 1892. Of the two gi'oups shown 
in the record, the smallest one, the fishes in which range in size from 
4 j inches to 7 inches, is of great interest. No information is given in 
regard to the depth of water, yet the group is so circumscribed as to 
exclude any doubt as to its correctness ; it contains 447 fishes with an 
average size of 5*818 inches, and can only be the annual series following 
the "1 " group already described as existing between 2 inches and 4 J inches 
and having an average size of 3,332 inches. This "2'' group is also 
recognisable at other dates in 1892. In the records for September 27th 
(same Table) the result of five hauls with an eel-seine shows the same 

* In the months of May and June post-larval plaice are still found in considerable 
numbers, and the young plaice found on the shore are therefore the oldest (or largest) 
of those hatched the same year. The average sizes calculated for these two groups are 
therefore too large, and cannot be used in comparison with Group 1. 
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group at that time to range between 5| inches and 8J inches, and having 
an average size of 6*963 inches. Also in this case the identification is 
well justified, owing to a number of specimens of the younger and the 
older groups being attached. Further confirmation of this group is 
coutained in Petersen's Table VI., where the records from the coast south 
of Hals for May 25th show the group to range between 4| inches and 6J 
inches, and having an average size of 5*366 inches, and also in the 
lecords for June 29th : 4^ inches to 6i^ inches, with an average of 5*762 
inches. Local variation may possibly exist and influence these groups to 
a certain extent ; but in all the cases here quoted it is necessary to 
recognise the "2 " group in its development from May to September. The 
difference in size between the "!'* group and the "2" group afppears to be 
about 2'535 inches, which is an indication of the second yearns growth. 

In Dr. Petersen's tabled records this "2" group is not equally well 
demonstrated. The probable cause of this has already been explained 
(p. 242). It has in some cases been mixed up with the neighbouring 
" 1 " group, when misleading data have been produced and caused Petersen 
to combine these two groups into one large ** 1 '' group with a range of 
5 or 6 inches. From these deductions apparently Dr. Petersen has 
concluded that the smallest mature plaice in the Danish waters (about 7 
inches long) are in their second year only (p. 6), while according to my 
interpretation of his records those fishes should be at least three years 
old.* According to my calculations this is also the probable age of the 
smallest mature plaice on the East Coast of Scotland, and if 
it were known that the plaice becomes mature at the same age in the 
different seas (which is probable), another strong proof would exist in 
support of my theory of the growth-rate of the plaice and the probable 
age at maturity. 

In order to compare the apparent growth-rate of the plaice in the 
Kattegat with my observations on the same subject on the East Coast of 
Scotland, the various data, as deduced from D. Petersen's Tables, have 
been represented on Plate I. (No. 2). The figures 1 to 13 have been 
arranged according to the date of observation and the average size of the 
group in question. ( For f urthur particulars see Table IX. ) These figures 
have been connected by the dotted line (No. II.), which should be 
considered an approximate illustration of the growth of the plaice in the 
Kattegat at the various seasons, and extending over nearly three years. 
Owing to the want of sufficient data, it is impossible to say whether the 
course of this line is in all details correctly drawn ; but for the purpose 
of a general comparison sufficient information is available. It will be 
seen that the growth-rate of the plaice in the Kattegat is considerably lessf 
than on the Scottish East Coast, and that this difference appears to 
increase as the fishes grow older. 

It is of the greatest importance that these investigations regarding the 
growth-rate of the plaice should be continued, and also be extended into 
deeper water than was the case at Dunbar. The difference of opinion 
regarding the age at which the plaice becomes mature ought to be cleared 
up, as it is a question of considerable importance in several respects in 
connection with the fisheries, and the only method by which this may be 
satisfactorily attained is to carry on systematic fishing from shallow to 
deep water, so that all the annual series may be demonstrated, and their 
age accurately determined also, after the earliest stage of maturity. 

♦In the Fourth Report (1893), p. 6., Dr. Petersen says—" It seems that the plaice, 
everywhere, generally become mature in their third year, some already in their second, 
. . ." and in the Sixth Report (1895), p. 14, it is stated—" A plaice is, ordinarily, not 
mature till its fourth year. ..." While 1 have shown whjr this first statement must 
be wrong (and also Dr. Petersen's classification of most of his groups), I find that my 
own interpretations of the Tables, as well as the observations made at Dunbar, correspond 
with the latter view. It appmrs that a considerable number of mature plaice are found 
in the Kattegat about eight and nine inches long, and if these fishes are considered to be, 
at least, in their fourth year and not yet full-grown, the annual growth cannot be nearly 
so large as siiggested by Dr. Petersen. 
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DESCRIFnON OF PLATE. 
The ciirv^ed lines show the rate of growth of the phiice durinc the first three 
years. The black line No. I. indicates the average size of the fishes caught at 
Ihinbar in the various months. The red line represents the mean range of vari- 
ation. The dotted black line No. II. indicates the rate of growth of the plaice in 
the Kattegat as deduced from Petersen's observations. 



TABLE IX. 
Showing Particulars Regarding Curve No. II. 



Marks 

of 

Reference.! 


Order 
of the ] 
Oroup. 


Average I 

Size 
in mm. 


Reference. 


O 


A(0) 


About 13 


Petersen's Table III., Records for May 12th. 


© 


A(0) 


22 03 


Do. do. June 10th. 


© 


A(0) 


31-47 


Do. do. July 9th. 


© 


A(0) 


52-48 


Do. do. Sept. 21st. 


© 


A(0) 


58-43 


Do. do. Oct. 19th. 





B(l) 


68-35 


Do. do. May 12th. 


© 


B(l) 


77-93 


Do. do. June 10th. 


:© 

1 


B(l) 


86-96 


Table IV. (Col. 4), do. July 8th. 


© 


B(l) 


1150 


Table III. do. Sept. 2l8t. 


© 


C(2) 


140 


Table VI. (second part), May 25th. 


© 


C(2) 


150-38 


Do. do. June 29th and July 2nd. 


© 


C(2) 


148-84 


Table v., do. July 12th to 19th. 


© 


C(2) 


181-73 


Do. do. Sept. 27th. 

\ 
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VII. NOTES ON RECENT GATHERINGS OF MICRO- 
CRUSTACEA FROM THE CLYDE AND THE MORAY 
FIRTH. By Thomas Scott, F.L.S., Mem. See. Zool. de Frauce. 

(Plates X-XIII.) 

In the following notes my remarks refer chiefly to the rarer forms that 
have been observed in gatherings of Microcrustacea submitted for 
examination during 1898. The gatherings examined have been collected 
in the Moray Firth and the Firth of Clyde, and therefore the notes refer 
chiefly to these localities. I am indebted to Mr. F. G. Pearcey, 
naturalist on board the s.s. ** Garland," for most of the gatherings 
forwarded for examination. 

COPBPODA. 

Paracalanus parvus (Glaus). 

1863. Calanus liarvuSy Claus. Die frei-lebenden Copopoden, 
p. 173, PJ. XXVL, figs. 10-14; PI. XXVII., figs. 1-4. 

This Copepod, which was observed in the Firth of Clyde for the first 
time in September 1897, has occurred in several of the tow-net gatherings 
collected during 1898, both at the surface and bottom. It was obtained 
at Stations IX. and XIII. in August, and at Stations VIL and VIII. in 
September. Station XIII. is one of the Upper Loch Fyne stations, and 
its occurrence there makes it an addition to the Loch Fyne fauna. It is 
a small species, and may therefore have been previously passed over as a 
young Calanus, It has also been observed in the Moray Firth and in 
the Firth of Forth. 

*Bradyidius armatus (Brady;. 

1878. Pseudocalantts armatus^ G. S. Brady, Mon. Brit. Copep., 

vol. i., p. 46 (non P. armatus^ Boeck — see Giesbrecht, 2k>ol. 

Anzeigery 1897, p. 25). 

This species is referred to because its distribution appears to be 

somewhat restricted. Though not very plentiful, it is one of the more 

widely difi'used of the Clyde Copepoda, and it has been known for 

many years as a Clyde species. It is usually obtained in gatherings 

collected with the bottom tow-net, and much less frequently in surface 

gatherings. Though the species has been recorded from the East Coast 

of Scotland, it seems to be of rare occurrence there. I do not find a 

single reference to it in any of the descriptions of tow-net gatherings 

collected on the East Coast during the past year. 

EucJueta norvegica, Boeck. 

1864. EuefuBta prestandrece, Boeck, Overs. Norg. Kyster iagt. 
Copep., Forh. Vid, Selsk. Christiania, p. 236. 

1872. Euchceta norvegica, Boeck, Nye Slaegt. og Art. af Salt- 
vandscopep, Forh. Vid, Selsk, Christianiaj p. 40. 

I have no record of this species for the Moray Firth ; but it has, as 
in previous years, been obtained in tow-net gatherings from various 

* See ** Additional Notes " at the end of this paper. 
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parts of the Clyde and Loch Fyne. EtLchceta appears to be even more 
restricted in its distribution than Bradyidius. According to Sars (" Norw. 
North Sea Exped.," Crust., Part I., p. 284), this species was at first 
ascribed by Boeck to Euchsda prestandrece, Philippi, but was afterwards 
described by him under the name which it now bears. 

Scolecithrix liihemica^ A. Scott. 

1896. Scolecithrix hibemica, A. Scott, Ana and Mag. Nat. 
Hist., (6) vol. xviii., p. 362, PI. XVII. and XVni. 

This species, though only recently discovered, is at times not very rare 
in the Clyde and Loch Fyne tow-net gatherings. The following records 
of its occurrence will indicate sufficiently the wide distribution of the 
species in the Clyde district. During August last year it was obtained 
at Stations 111. and IV. (in Kilbrennan Sound), and at Stations XIII., 
XIV., XV., and XVII. (Upper Loch Fyne), and in September at 
Stations VII. and VIII. (4 or 5 miles south of Ailsa Craig). 

I have now to record its occurrence for the first time in the Moray 
Firth, having obtained it in a tow-net gathering collected in June last 
year at Station XVI. (vicinity of Smith Bank) from a depth of about 
forty fathoms, but it was apparently rare in this gathering. The opinion 
expressed by the describer of the species that Scolecithrix hibemica was 
really a deep-water form, and that its being so would partly account for 
its having been so long overlooked, is more or less confirmed by what is 
observed regarding its distribution in the Clyde and in the Moray Firth. 

Scolecithrix pygmsea, sp. n. (PI. X., figs. 1--9). 

Description of the Female. — Somewhat like Scolecithrix hibemica, A. 
Scott, in general appearance but smaller, the length of the specimen 
figured is, exclusive of tail setae, '95 mm. (about gV ^^ ^^ inch). The 
rostrum is small. The last segment of the thorax is produced on each 
side into a hook- like process (fig. 1). The antennules are scarcely as long 
as the thorax ; they are twenty-four jointed ; the first two joints are 
moderately large ; the third to the seventh are smaller ; but the eighth is 
about twice as long as the preceding joint, and sub-equal in length to the 
first and second. The joints that immediately follow the eighth are 
shorter, but the others gradually increase in length, so that several of the 
last joints are about as long as the eighth. The end joint is very small. 
The antennules are only sparingly setiferous, but the terminal joints are 
furnished with a few plunfbse hairs as shown by the figure. The formula 
gives approximately the proportional lengths of all the joints, as 
follows :-r- 

Numbera of the joints, 1 •2-3-4-5-6 7 8 •9-1011-1213-1 4-151617 18-19-20-21 •22-23 -24 
Lengths of the joints, 12-16-8-5-6-6^6-12-8 7 '8 -9 -9 -9 -9 •11'1M111-1V1014-12 -5 

The antennae, mandibles, and maxillae are all somewhat similar to those 
of Scolecithrix hibemica. The anterior foot-jaws are furnished with 
several lobes on the inner aspect as in Scolecithrix dubia, Giesbrecht. 
The distal lobe is armed with a long slender spine, but the others are 
setiferous. The special joint of each of the anterior foot-jaws carries a 
number of the long slender worm-like hairs which form one of the 
principal characters of the genus (fig. 3). The posterior foot-jaws are 
elongate, and somewhat like those of Scolecithrix hibemicxA (fig. 4). 
The first four pairs of swimming feet are also somewhat similar to those 
of Sc/)lecUhrix hibemica, except that the marginal spines of the outer 
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branches of the fourth pair are stouter than those of the outer branches 
of the same pair in that species. The terminal spines are also slightly 
different (figs. 5, 6). The fifth pair appears to be wanting in the female. 
The abdomen is, proportionally, scarcely so long as that of Scolecithrix 
hibemtca. The first segment is about equal to the combined length of 
the next two, and is rather more dilated ; the second segment is some- 
what shorter than the third ; but the length of the third and fourth is 
about equal. The caudal furcae, which are about as long as broad, are 
somewhat longer than the segment to which they are articulated, and the 
furcal setae are long and plumose (fig. 8). 

Description of the Male, — The male of Scolecithrix pygmcea resembles 
that of Scolecithrix hibemica in several aspects, but differs particularly 
in the structure of the fifth pair of thoracic feet. In this pair the basal 
joint is stout, and armed with several curved spines as in Scolecithrix 
hibemica^ but the right branch is more slender, and the first joint of 
that branch is not so irregular in outline. In the present species the 
first joint of the right branch becomes gradually but only slightly 
dilated towards the distal end, and is not produced into a large lobe as in 
Scolecithrix hibemica ; the second joint is smaller, and proportionally 
much more slender than in that species ; the marginal thumb like process 
is small, and situated near the middle of the joint The left branch of 
the present form (fig. 7 1.) is also rather more slender than that of 
Scolecithrix hibemica^ but the process at the distal end of the second 
joint is somewhat more produced and attenuated. The abdomen consists 
of five segments. The second, which is rather longer than the first, is 
about one and a half times the length of the following segment ; the 
third and fourth segments are sub-equal, but the last is very small ; the 
furcae are about equal in length to the penultimate segments of the 
abdomen (fig. 9). Figure 10 represents the fifth thoracic feet of the 
male of Scolecithrix hibemica for comparison with those of the species 
now described. The figures of both are of the same magnification. 

Habitat, — Firth of Clyde and Loch Fyne. Not very rare. 

Remarks, — This Scolecithrix has been under observation for a con- 
siderable time. At first I was inclined to regard it simply as a form of 
Scolecithrix hibemica^ but as it continues to turn up both alone and in 
company with that species, and as all of the specimens are characterised 
by the same distinctive features, I think it will be more satisfactory to 
describe it under a separate name. It is distinctly a smaller species than 
Scolecithrix hibemica, being scarcely a millenfetre in length. If male 
and female specimens of the two species be placed side by side — the males 
together and the females together — the difference in size is readily 
noticed. The structure of the fifth thoracic feet of the male, and the 
structure and armature of' the anterior foot-jaws of the female, are 
characters by which the species may be distinguished ; the lengths of the 
abdominal segments in both male and female are also proportionally 
different. 

Centropages typicus, Kroyer. 

1849. Centropages typicus, Kroyer. Nat. Tidskr., (2) ii., 
p. 588, t. 6. 

This species appears to be much rarer in the Clyde than Centropages 
hamatttSf for while the latter form occurs in nearly all gatherings 
collected in August and September last year, I have only three records 
for Centropages typicus. On the East Coast of Scotland Centropages 
typicus appears to be more common. In a series of gatherings from the 
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Moray Firth collected during May aud June last year, both species were 
nearly equally frequent, Gentropages liamatvs, however, was even here 
rather the more common of the two species. 

Isias davtpeSf Boeck. 

1864. Isias clavipes, Boeck. Overs. Norg. Copep., Forh. Vi»l. 
Selsk, Christiania, p. 18. 
This fine species has been obtained in several of the Clyde tow-net 
gatherings, both surface and bottom. But though occurring now and 
a^ain in various parts of the Clyde, it seems to be always a scarce species. 
The following are a few of the more recent records of Isias from the 
Clyde — at Station II. (Kilbrennan Sound), in surface and bottom tow- 
nets, at Station XII. (between Arran and the Heads of Ayr), in the 
bottom tow-net in August, and in the surface tow-net at Station VII. in 
September 1898. 

*Euryiemora lacintUata (Fischer). 

1853. Oydopdna lacinvlata, Fischer, Beitr. z. Kenntn. d. Cyclo- 
piden, Bull. Soc. Imp. Natur., Moscow, XXVI., p. 86-90, 
PI. II., figs. 4-17, 34. 

This species has been obtained during the past year in brackish water- 
pools at Hunterston, Firth of Clyde. Eurytemora lacinulaia has been 
recorded from the Clyde district on one or two former occasions, but not 
previously from Hunterston. 

*Metr%dia hibemica (Brady and Robertson). 

1873. Paracalanus hibemictis, Brady and Robertson, Ann. and 
Mag. Nat. Hist. (4), vol. xii., p. 126, PI. VIII., figs. 1-3. 

This species has already been recorded from Loch Fyne, and seems to 
be distributed, though very sparingly, all over the Clyde estuary. 
Metridia hibemica somewhat resembles Melridia longa (Lubbock), but is 
smaller than that species. It may be difficult to discriminate between 
the young of the two species; but there need be little difficulty in 
distinguishing the adult forms, especially if males are present. Metridia 
hibemica has also been observed both in the Moray Firth and in the Firth 
of Forth. 

*Candace pectinata, Brady. 

1878. Candace pectinaia^ Brady, Mon. Brit. Copep., vol. i. p. 
49, PI. VIII. figs. 14, 15 ; PI. X. figs. 1-12. 

Though this species has been obtained both in the Firth of Clyde and 
the Moray Firth, as well as in the Firth of Forth, it has not been observed 
within recent months. 

Labidocera wollastoni (Lubbock). 

1857. PonteUa icollastoni^ Lubbock, Ann. and Mag. Nat Hist. 
(2), vol. XX., p. 406, PI. X. fig. 13 ; and PL XL fi^. 9-11, 18. 

The only records of this species I have for the past year are two, 
and both are for the Clyde. They are as follows : —In a bottom tow net 
gathering collected at Station IX. on August 31st, rare ; and in a surface 
gathering collected at Station VIII. on September 23rd (only one specimen 
was observed in this gathering). 

* See " Additional Notes " at the end of this paper. 
R 
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Anomalocera pcUeraontif Templeton. 

1837. Anomalocera patersonti, Templeton, Trans. Entom, Soc, 
vol. ii. p. 35, PL v., figs. 1-3. 

This species, which is one of the most richly coloured of the British 
Copepoda, was occasionally observed during the past year in tow-net 
gatherings both from the Firth of Clyde and the Moray Firth, but it 
seldom occurred in any quantity. 

Parapontella brevicomis ^Lubbock). 

• 1857. Pontella brevicomis, Lubbock, Ann. and Mag. Nat. Hist. 
(2), voL XX., PI. XI., figs. 4-8. 

Though Parapontella may occasionally be found moderately common 
more frequently one or a few specimens only are obtained in any single 
gathering — such, at least, is my experience in regard to the distribution 
of this species in the Scottish seas. Parapontella brevicomis has during 
the past year occurred sparingly both in the Firth of Clyde and in the 
Moray Firth. Living specimens are readily distinguished, even amongst 
crowds of Calantis, PseudocalanuSy Temora, etc., by their peculiar dark 
or blackish colour, but much of this colour is lost when the specimens 
are preserved in spirit. 

Acartia daimi^ Qiesbrecht 

1889. Acartia clausii, Giesbrecht, Rendiconti R, Aoead, d. Linceif 
vol. v., fasc 11. 

This is the only species of Acartia I have hitherto observed in the 
Clyde district. The spines, with which the fifth pair oi feet of the female 
are armed, are short and very stout, and therefore very diflferent from 
those of Acartia longiremis, lilljeborg. In the Moray Firth district both 
Acartia dausii and Acartia longiremis are met with ; the first is frequent 
in the open sea, but it has also been observed inshora On June 6th, 
1898, both species occurred in a gathering collected at Station III. 
(Cromarty Firth), where there is usually a more or less admixture of fresh 
water, and also at Stations I. and II. (otf the Nairn Coast) on the 7th 
of the same month. Neither Acartia biJUosus^ Giesbrecht, nor Acartia 
discavdata^ Giesbrecht, have been observed in the Moray Firth district, 
but it is quite possible that they may yet be found there— especially in 
that part of the district known as the Beauly and Cromarty Firths, where 
the conditions seem to be favourable for these two species. 

Cervinia bradyi^ Norman. 

1878. Cervinia bradyi, Norman; Brady, Mon. Brit Copep., 
vol. i., p. 86, PI. XXIVa., figs. 3-13. 

A single specimen of this curious species was obtained in a small 
gathering of Microcrustacea washed from a quantity of mud brought up 
in the bottom tow- net at Station XII. (Firth of Clyde) on 29th August 
1898, from a depth of from forty to forty-three fathoms. Cervinia was 
discovered at Oban by the Rev. A. M. Norman in 1877. It has also been 
recorded from the Irish Sea by L C. Thompson, of Liverpool ; but this 
appears to be the firrt time the species has been observed in the Clyde. 
It is quite distinct from any other species of the British Copepoda, 
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Ectinosoma curtieame^ Boeck. 

1864. Eetinosoma curticome^ Boeck, Overs. Norg. Copep. Forh. 
Vid. Selsk. Christiania. 

This species has been obtained daring the past year at Hunterston, 
Firth of Clyde. 

Ectinoeama herdmani^ T. and A. Scott. 

1896. Ecttnosoma herdmanij T. and A. Scott, Rev. Brit Copep. 
belonging to the gen. Brady a and Edinosoma, p. 432, PI. 
XXXVI., &c. 

This species was obtained during the past year at Hanterston, Firth of 
Clyde, and also in a gathering from Cromarty Firth, collected 4th Nov- 
ember 1 897. The last is a new record for this species. 

EdinoBomn gracUey T. and A. Scott. 

1896. Ecttnosoma gracile, T. and A. Scott, Rev. Brit. Copep. 
belonging to the gen. Bradya and Ecttnosoma, p. 429., PI. 
XXXVI., (fee. 

Several specimens of this apparently rare species were obtained in a 
shore gathering collected on 4th November 1897, a little to the east of 
Invergordon, Cromarty Firth. This is the only time I have obtained 
Edinosoma gracUe since it was discovered in the Firth of Forth in 1896. 
It is a very small species and easily overlooked. One of the Cromarty 
Firth specimens with ova measured only 0*43mm. (^th of an inch). 

Bradya typica, Boeck. 

1872. Bradya typica, Boeck, Nye SlaBgt. og Art. of Saltv. 
Copep., Forh. Vid. Selsk. Christiania, p. 14. 

This species occurred in a gathering collected at Station XVI. (Moray 
Firth), 10th July 1898, but only one or two specimens were obtained. 
It has also been obtained in a gathering from Station XII. (P^irth 
of Clyde), collected 29th August 1898; in one from Station XV., 
collected 22nd August; and in another from Station XVII. (both in Upper 
Loch Fyne), collected on the 24th of the same month. 

Bradya hirstUa, T. and A. Scott. 

1896. Bradya hirsuta, T. and A. Scott, Rev. Brit. Copep. 
belonging to the gen. Bradya and Edinosoma, p. 423, PI. 
XXXV., <fec. 

This species was obtained in a gathering collected at Station XVI. 
(Moray Firth), 10th July, 1898, but only a few specimens were observed. 

Misophria pallida, Boeck. 

1864. Misophria pallida, Boeck, Overs. Norg. Copep., p. 24. 

This is a somewhat rare species. It has already been recorded for Loch 
Fyne, and has also been found in Kilbrennan Sound, though not previously 
recorded. It occurred during the previous year in a bottom tow-net 
gathering from Station XVII. (Upper Loch Fyne); collected on 7th 
December, but only two specimens, however, were obtained in this 
gathering. 
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Rohertsonia tentiia (G. S. Brady and Robertson). 

1875. Ectinosoma tenue, B. and R., ** Proceed, of the Brit. Ass./' 
p. 196. 

A few specimens of this well-marked species occurred in a small 
gathering of Microcrustacea from Station XVI. (Moray Firth), depth 30 
to 40 fathoms, collected on 10th Jane 1898. The gathering consisted of 
the washings of some dredged material. 

Ddavalia mimica^ T. Scott. 

1897. Ddavalia mtmica, T. S., Fifteenth Ann. Rep. Fish. Board 
Scot., Pt. III., p. 150, PI. I., figs. 1-9. 

This species was obtained in a gathering from Station XVI. (Moray 
Firth), collected on 10th June 1898, but was somewhat rare. 

Ddavaiia (emtUaf T. Scott. 

1893. Delavalia (Bmvla, T. S., Eleventh Ann. Rep. Fish. Board 
Scot, Pt. III., p. 204, PL IV., figs. 36-47. 

This species was obtained in some dredged material collected a little to 
the west of Invergordon, and was also somewhat rare. 

Delavalia giesbrechti, T. and A. Scott, var. (PI. XIIL, figs. 20-22), 

1890. Ddavalia giesbrechti, T. and A, S., Ann. Scot. Nat. Hist., 
p. 225, PL IV., tigs. 1-10. 

A form of Delavalia has been obtained at Hunterston, Firth of Clyde, 
which resembles Ddavalia giesbrechti very closely, but it wants the 
peculiar broad tail sets that constitute such a marked feature in that 
species (fig. 22) ; there is also a slight difference in the arrangement of the 
four marginal setsB on the inner portion of the basal joints of the fifth 
thoracic feet (fig. 21). In other respects the two forms appear to be 
similar. Fig. 20, which represents the first pair of swimming feet, shows 
the second joint of the inner branches to be rather more slender than 
the same joint in typical D, giesbrechti, 

PsyllocamptuSy gen. no v. 

Similar to Canthocamptus, but the inner branches of the first pair of 
swimming feet, which are about equal in length to the outer branches, 
are two-jointed, while the inner branches of the next three pairs are all 
three-jomted. Moreover, the antennules in spirit specimens are distinctly 
bent at the second joint as in Nitochra. 

Psyllocamptus fairliensiSy sp. n. (PL XIIL, figs. 12-19). 

Description of the Female, — Length about -6 mm. (^ of an inch). 
Body slender and elongate, and resembling Canthocamptus in general 
appearance (fig. 1 2). Antennules moderately short and setiferous, eight- 
jointed ; the first two robust, the penultimate joint smaller than the 
others (fig. 13); the formula shows approximately the proportional 
lengths of all the joints — 

Number of the joints, 1 '2 •SM-S'G'T'S 

Proportional lengths of the joints, 24 • 24 • 7 ' 9 • 6 • 7 ' 4 • 6 

Antennce short, three-jointed ; secondary branch small, one-jointed, 
and furnished with tliree setae (fig. 14). 
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Mandibles as in (Janthocanvptus, mandible-palp one-branched, and 
famished with a few seta ; the basal joint is armed with a moderately 
stout apical spine (fig. 15). Other mouth organs as in Ganthocampt'us. 
First pair of swimming feet with both branches moderately short, and of 
nearly the same length ; the outer branches are three-jointed, but the 
inner are composed of only two joints, as in Attheyella ; the first joint of the 
inner branch is about equal in length to the first two joints of the outer 
branches, and is also somewhat stouter ; the second joint is little more 
than half the length of the first one (fig. 16). 

The second, third, and fourth pairs of swimming feet have both 
branches three-jointed ; the outer branches are considerably longer than 
the inner ; in the fourth pair the inner branches are only about a third 
of the length of the outer branches (fig. 17); the first joint of the inner 
branches of the fourth pair are very small; the outer branches are 
furnished with long terminal setse. The fifth pair are small and folia- 
ceous ; and the inner portion of the basal joint is considerably produced, 
and is subcylindrical in outline ; the apex is subtruncate and bears four 
setse, the two inner ones being small, while the other two are elongate ; 
the secondary joint is ovate, and furnished with several setss on the 
outer margin and apex. All the setse are of considerable length, except 
a small one near the base of the outer margin (fig. 18). Caudal furca 
short, and about as broad as long (fig. 19). 

Habitat. — Shore between Fairlie and Hunterston, Firth of Clyde. 
Rather rare. No males have been observed. 

Remarks. — The Copepod just described resembles more or less closely 
not only Canthocamptus, but also AWieydla and Mesochra. It differs 
from the typical (JanthocarrvpttLS iu having the inner branches of the 
first pair of swimming feet only twajointed, while the inner branches of 
all the next three pairs are three-jointed. It also differs from Attheyella 
and Mesochra in having the inner branches of the second, third, and 
fourth pairs three-jointed, though agreeing with these two genera in the 
structure of the first pair. Moreover, it somewhat resembles Nitochra in 
the antennules being distinctly bent at the second joint ; but in that genus 
all the first four pairs of swimming feet have the inner branches three- 
jointed. 

Psyllocamptus fairlierms seems to form one of the links in a chain of 
Copepods that at the one end terminates iu Mesochra, which has the 
inner branches of all the four pairs of swimming feet two-jointed, and at 
the other end in Nitochra, which has the same branches all three-jointed. 
The generic name is derived from the two Greek words psylla — a flea, and 
kamptoB — flexible. 

ffuntemannia jadensis, S. A.^Poppe. 

1884. Huntemannia jadensis, Poppe, Abhaudl. d. nat. Ver. 
Bremen, Bd. IX., p. 59. 

1885. Himtemannia jadensis, Poppe, Die freilebenden Copep, 
des Jadebusens, op. cit., Bd. XI., p. 167, PI. VII., figs. 10-20 

1895. ffuntemannia jadensis, T. and A. Scott, Ann. and Mag. 
Nat. Hist. (6), vol. xv., p. 57, PL VI., figs. 21, 22. 

This species was described by Dr. Poppe in 1884. It was first detected 
in Scotland in 1894, in brackish water pools, at the head of West Loch 
Tarbert (Caiityre), and a record of its occurrence there was published in 
the *' Annals and Magazine of Natural History " for 1895, but up till the 
present time this appears to be the only record of its occurrence in Scotland. 
On 4th November 1897, Mr. F. G. Pearcey collected a gathering of 
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small Crustacea, on the shore near low-water mark, to the east of Inver- 
gordon, in the Cromarty Firth ; this he afterwards sent to me for exa- 
mination. Several rare Ck)pepod8 have been obtained in this gathering, 
and one of them — Edinosama gracile — has already been referred to; 
another of these rare forms is the species under consideratioiL Only 
four specimens of Huntemannia were obtained in this gathering 
from Cromarty Firth, so that the species, which is very well marked, is 
probably rare. The first pair of thoracic feet are stout, the outer branches 
are three, and the inner one-jointed. They are armed with strong 
marginal spinea The basal joint of the first feet carry each, interiorly, 
a comparatively large thumb-like process, instead of a spine. This process 
was quite conspicuous, even without dissection, in each of the four speci- 
mens obtained. Probably the species is local as well as rare. 

Pseudotachidiue coronatus, T. Scott 

1898. Pseudotaehidius coronatus, T. Scott, Sixteenth Ann. Rep. 
Fish. Board for Scot, Pt. III., p. 267, PI. XIII., figs. 12-26 ; 
PI. XV., figs. 1-4. 

This somewhat remarkable species was described in 1898 from one or 
two specimens obtained amongst some small Crustacea sent to me from 
Lower Loch Fyne by Mr. F. G. Pearcey. They had been dredged from 105 
fathoms. I have now to record the species from other two localities in 
the Clyde district, aud from moderately deep water — viz., from Station 
XII., 40-43 fathoms, washed from mud brought up in the tow-net, 29th 
August 1898 ; and from Station XVII., Upper Loch Fyne, washed from 
trawl refuse, 7th December 1898. Only one specimen was obtained in 
each of these two gatherings. 

Tetragonicepe macronyx^ T. Scott. 

1892. Tetragonicepe macronyx, T. Scott, Tenth Ann. Rep. Fish. 
Board for Scot., Pt. III., p. 253, PI. X., figs. 19, 28. 

This well-marked and somewhat rare species was described from 
specimens obtained in the Firth of Forth. I have now to record its 
occurrence in the Cromarty Firth, having obtained it in a gathering of 
material dredged in the vicinity of Invergordon in 1896, but only recently 
examined. 

Laophonte thora^ca, Boeck. 

1863. Laophonte thoracica^ Boeck, Overs. Norg. Copep., p. 54. 

What appears to be two forms of this species have been observed in 
the Moray Firth district, one a deep-water form, which appears to be 
the typical one. This was obtained in a gathering from Station XV. 
(vicinity of Smith Bank), depth 24-49 fathoms, collected 20th November 
1897. The other was obtained in the Cromarty Firth, and a little to 
the west of Invergordon, where the depth of water is only a few fathoms, 
and where there is usually a certain admixture of fresh water. 

Laophonie eerraia (Claus). 

1863. Gleta serratay Claus, Die freilebenden Copep., p. 123, 
PL XV., figs. 13-20. 

Laophonte serrata, which appears to be a rare species, occurred in the 
same gathering in which the Huntemannia was obtained, and is now for 
the first time recorded for the Cromari^y Firth district. 
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Cletodes tenuipes^ T. Scott. 

1897. Cletodee tenuipes, T. Scott, Fifteenth Ann. Rep. Fish 
Board for Scot, Ft. III., p. 170, PI. I., figs. 19-27. 

This species, which is apparently rare, was also obtained in the same 
gathering from Cromarty Firth in which the Huntemannia occurred. 
Cletodes tenuipes was described from Clyde specimens, and it is interesting 
now to find it also on the East Coast 

Cletodes perplexa, sp. n. (PI. XL, figs. 12-20; PL XII., fig. 1). 

Description of the Female, — Length of the specimen figured *67mm. 
(^j of an inch). The body is stout anteriorly but tapers gradually 
towards the posterior end ; in spirit specimens the tail is generally incurved 
as shown in the figure (fig. 12, PI. XL). Kostrum short and slightly 
recurved. Antennules very short, moderately stout, and composed of 
five joints ; the first and second joints are large ; the third is about half 
the size of the second ; the fourth is very small ; and the last is about one 
and a half times the length of the third (fig. 13, PI. XL). The approxi- 
mate proportional lengths of the various joints are shown in the formula — 

Numbers of the joints, 1 • 2 * 3 • 4 • 5 

Proportional lengths of the joints, 21 • 25 • 12 • 4 • 19 

There are a number of coarsely plumose setae on the distal half of each 
antennule, and a small asthetask springs from the end of the third joint. 
Antennae three-jointed; secondary branches small, each furnished with 
two coarsely plumose setae and a small hair (fig. 14, PI. XL). Mouth 
organs nearly as in Cletodes linearis (Claus) ; figs. 15 and 16, PI. XI., 
show the form of the anterior and posterior foot-jaws. The inner branches 
of the first four pairs of swimming feet, which are all two-jointed, have 
the first joint small, while the second is slender and elongate. The inner 
branches of the first pair have the first joint somewhat dilated, while the 
principal terminal seta of each is fully three times the entire 
length of the inner branches ; these branches are also somewhat shorter 
than the three-jointed outer branches (fig. 17, PI. XL). The inner 
branches of the second, third, and fourth pairs are comparatively shorter 
than those of the first pair, and the terminal setae of both the inner and 
outer branches of these three pairs are long and plumose (fig. 18, PL XL). 
The fifth pair of feet differ from those usually observed in Cletodes ; the 
basal joint, which is proportionally much dilated, is produced into a large 
and strong spine-like process which is slightly curved at the end and 
bordered with minute spinules ; the secondary joint is rudimentary, and 
bears three small setae at its truncate apex ; two setae spring from the 
opposite margin of the large basal joint (fig. 19, PI. XL). The caudal 
furcae are long and slender ; two small setae spring from near the middle of 
the outer margin of each of the furcae, and they each bear a long spini- 
form terminal seta (fig. 1, PI. XIL). 

The male differs little from the female, except that the antennules are 
modified in the usual way. The fifth pair of thoracic feet are nearly the 
same as those of the female (fig. 20, PL XL). 

HabOai. — Vicinity of Smith Bank, Moray Firth. Rare. 

Remarks. — This very distinct species was obtained amongst somo 
dredged material collected on the 6th October 1898, and sent to me by 
Mr. F. G. Pearcey. The fifth thoracic feet form one of the most striking 
characters of this species, not only because of their remarkable form, but 
also because in all the specimens examined they projected nearly straight 
out from the body of the animal instead of being adpressed, as is usually 
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the case. The incurved position of the posterior portion of the abdomen 
and caudal furca is also a more or less constant feature in this species 
so far as regards all the specimens examined. Except for the somewhat 
abnormal form of the fifth pair of feet, the species appears to be a typical 
Cletodes. 

DactylopuB tenuiremis^ Brady and Robertson. 

1895. Dactylopus tenuiremis^ Brady and Robertson, Brit. Assoc. 
Report, p. 197. 

This apparently rare species occurred in the shore gathering collected to 
the east of Invergorden, Cromarty Firth, in November 1897. There is 
no previous record of Dactylopus tenuiremis from the Moray Firth district. 
It is a somewhat critical species, but appears to be distinct. 

Dactylopus minutus, Clans. 

1863. Dactylopvs minutus^ Claus, Die frei-lebenden Copep., 
p. 126, PI. XVI., figs. U-15. 

This Dactyl(^ms occurred amongst a number of other things in a 
gathering from Station VI. (Firth of Clyde) collected 1st September 1898. 
It is a comparatively small species and appears to be rare. 

Thalesti'is hdgolandica, Claus. 

1863. Thalestris helgolandicay Claus, Die frei-lebenden Copep., 
p. 131, PI. XVII., figs. 12-21. 

This rare species was obtained in a bottom tow-net gathering from 
Station IV. (Kilbrennan Sound, Firth of Clyde) on 24th August 1898. 
The Rev. A. M. Norman has also obtained Thalestris Jielgolandica in the 
Firth of Clyde. This species of Thalestris, as well as Thalestris hibemica, 
has been found recently in some material dredged in 1886 a little to 
the west of Invergordon, Cromarty Firth, but both appear to be scarce. 

Gylindropsyllus fairliensis, sp. n. (PI. X., figs. 11-U; PI. XI., figs. 1-4). 

Description of the Female. — The body is elongate, slender, and cylindri- 
cal. The length of the specimen figured is l*73mm. (nearly ^ of an 
inch). The thorax is composed of five distinct segments, the first of which 
is rather longer than the combined lengths of the next two, but the 
second to the fifth are sub-equal. The abdomen is also composed of five 
distinct segments ; the first to the fourth are of nearly the same length as 
the posterior thoracic segments, the last being about one and a half times 
the length of the penultimate segment. The caudal furcae are short and 
broad ; the interior half of the apex of each is somewhat produced and 
bears a long and moderately stout seta and two or three small hairs ; the 
exterior portion of the apex is abruptly concave, the concavity being 
bounded externally by an acute angle, and interiorly by the produced 
setiferous portion just referred to and as shown in the figure (fig. 6, PI. 
XL). The rostrum is stort. The antennules are moderately short and 
stout, eight-jointed ; the first four joints are larger than the last four, a 
stout asthetask springs from the produced upper angle of the fourth joint; 
the fifth joint, which is smaller than any of the others, is only about half 
the length of the preceding one ; the next three are sub-eqnal and some- 
what longer than the fifth (fig. 1, PI. XI.). The formula shows approxi- 
mately the proportional lengths of all the joints — 

Numbers of the joints, l'2'8-4'6'6'7'8 

ProportioDal lengthH of tho joints, 22 • 15 • 16 • 12 • 6 • 10 • 11 • 10 
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Antennae stout, three-jointed, with a very small secondary branch bearing 
a single seta (6g. 2, PI. XI.). The mandibles are small and elongate ; the 
palp is small and consists of a single slender branch bearing two short 
apical setae (fig. 12, PI. X.). Maxilla short and moderately stout, with the 
apex broadly truncate and armed with a number of strong teeth. The 
palp small, two-jointi;d, and furnished with a few terminal and subterminal 
hairs (tig. 13, PI. X.). Posterior foot-jaws stout, armed with a stout 
terminal claw and two stout marginal processes (fig. 14, PI. X.). The 
inner branches of the first four pairs of swimming feet are all two-jointed ; 
those of the first pair are nearly equal in length to the three-jointed outer 
branches; but in the second, third, and fourth pairs the inner branches 
are considerably shorter than the three-jointed outer branches. All the 
four pairs are moderately stout and are furnished with elongate marginal 
spines, while the terminal setae of both the outer and inner branches are 
long and plumose (figs. 3 and 4, PI. XL). The fifth pair of thoracic feet 
are small and provided with about two moderately long spiniform setae 
and one or two small hairs (fig. 5, PI. XI.). 

HabUcU. — Brackish water-pools near Fairlie, Firth of Clyde. Appa- 
rently rare. 

Remarks. — This Copepod at first sight closely resembles Cylindropsyllus 
IcBvis, Brady, though of somewhat larger size; but even without dissection 
the caudal furcae are seen to be distinctly difierent from those of that 
species, and if a specimen be dissected several other differences are noticed. 

The antennnB, for example, are three-jointed, while in the typical 
Cylindropsyllvs they are only two-jointed : the inner branches of the 
swimming feet are also more fully developed than they are in Gylin- 
dropsyllus. Such differences may yet render it necessary to remove 
this Copepod to another genus ; but, meantime, as no males have yet been 
observed, I prefer to leave it in the genus to which for the present 
it is doubtfully ascribed. 

LeptocariSy gen. nov. 

The Female. — Body slender, somewhat resembling Cylindrop&yllus. 
Secondary branches of the antennas very small, one-jointed. Mandible- 
palp obsolete — in this respect, the mandibles are somewhat similar to 
those of Maraenohiotus, Maxillce also somewhat similar to those of 
Maraenobiottis, but the palp is a small cylindrical process with a dilated 
base. Footjaws similar to those of Oylindropsyllus. Inner branches of 
first, second, third, and fourth pairs of swimming feet two-jointed, and 
considerably shorter than the three-jointed outer branches; fifth pair very 
small, one-branched. 

The Male. — The male is similar to the female, except that the anten- 
nules are modified and hinged for grasping, and that each of the fifth pair 
of thoracic feet is armed with a stout spine on its inner aspect, in addition 
to a few small setae. 

Leptocaria minutuSj sp. n. (PI. X, figs. 15-21 ; PI. XL, figs. 7-11). 

Description of the Female. — Body elongate and slender. No distinction 
between the thorax and abdomen. Thorax composed of five, and the 
abdomen of four segments (fig. 15. PI. X.). The first thoracic segment is 
somewhat longer than the entire length of the next two, the second to 
the third are subequal, the fourth and fifth — which are also subequal — 
are rather longer than the second and third. The first abdominal segment 
is about one and a half times longer than the next, the second andthird 
are subequal, while the ultimate segment is rather longer than the 
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anterior one. Rostnim small. The antennules are very short, and 
moderately setiferous — seven-jointed. The first joint is considerably 
dilated ; the second, which is only about half the length of the first; is 
also somewhat dilated. The third joint is nearly as long as the first. 
The fourth joint — which is furnished with a moderately long asthetask — 
and the last are of equal lengths, and are each as long as the second. 
The fifth and sixth joints are somewhat smaller than the others (fig. 16, 
PI. X.). These differences are more clearly shown by the formula 
annexed — 

Numbers of the joints, 12'3-4.6.6.7 

Proportional lengths of the joints, 12 • 6 . 10 . 6 . 4 . 6 . 6 

Antennae small, three-jointed ; secondary branches very small, one-jointed 
(fig. 18, PI. X.). The mandibles are also small ; themandible palp isobsolete, 
being represented by a single small hair (fig. 19, PL X.). The maxillae are 
very small, the biting part is moderately broad, and armed with a few com- 
paratively elongate teeth. The palp is a small cylindrical process, arising from 
a moderately broad base, and furnished with a few hairs (fig. 20, PI. XL). 
Posterior foot-jaws small. They somewhat resemble tliose of Cylindro- 
peyllus Itevis (tig. 21, PL X.). The inner branches of the first four pairs 
of thoracic feet are all two-jointed, and shorter than the three-jointed 
outer branches. The two joints that compose the inner branches are, in 
each of the four pairs, more or less subequal, but those of the first pair 
are rather stouter than the others. All the four pairs of feet are small 
(figs. 7 and 8, PI. XL). The fifth pair are minute. Each consists of a 
small semicircular appendage bearing three or four small setae (fig. 9, 
PI. XI.). The caudal furcae, which are small and cylindrical, are scarcely 
twice as long as broad ; but each carries a long terminal spiniform seta, 
and also a few small hairs (fig. 11, PI. XL). 

Tlie Male. — So far as can be made out, the male does not differ much 
from the female, except that the antennules are modified for grasping, as 
in other Harpactids. The fifth thoracic feet are also each provided with 
an elongate and stout spine, in addition to the setae observed on the fifth 
pair of the female (fig. 10, PL XL). 

Habitat, — Brackish water-pools on the shore near Hunterston, Firth 
of Clyde. Rather rare. 

Remarks. — This Copepod is somewhat like a Moraria or a Maraeno- 
biotus in general appearance, as well as in some of the structural details ; 
but it dififers from these two genera, not only in the form of some of the 
mouth organs, and of the fifth pair of thoracic feet, but in other details of 
structure as welL Neither does it agree with Gylindropsyllus, although 
it has a general resemblance to the members of that genus. For these 
and other reasons, I have instituted for its reception the genus Lepto 
carta (Greek — leptos, slender ; kariSf a shrimp). 

Idya cluthce, sp. n. (PL XLE., figs. 2-6). 

Description of the Female. — Length of the specimen figured, 1*1 7mm. 
{■^^ of an inch). Somewhat like Idyafurcata in general appearance, but 
rather more slender (fifij. 2). The antennules are moderately short ; being 
only about two-fifths of the length of the thorax, they resemble generally 
the antennules of Idya fiircala^ but the entire length of the first four 
joints is proportionaUy shorter. The first four joints are sub-equal in 
length; the fifth is rather shorter than the one next to it; while the 
seventh is distinctly smaller than either the fifth or sixth (fig. 3). The 
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proportional lengths of all the joints are nearly as in the annexed 
formala — 

Number of the joints, !• 2' 8' 4'5'6-7'8 

Proportional length of the joints, 22 • 28 • 26 • 24 • 6 • 9 • 4 • 18 

The antennae and mouth organs are similar to those of Idya furcata. 
The first pair of thoracic feet resemble those of Idya furcata, but the seta 
that springs from the end of the first joint of the outer branches is short 
and straight, and none of the terminal or sub-terminal setae bear secondary 
spine-like apical cilia so characteristic of Idya furcata and one or two 
other members of the genus. The second joint of the inner branches is 
proportionally stouter than the same joint in Idya furcata, and the 
terminal claws are long and slender instead of being short and moderately 
stout. Moreover, the spines on the inner and outer aspects of the second 
basal joint are also small and slender (fig. 4). The second, third, and 
fourth pairs of swimming feet are rather more slender than the same 
appendages in Idya furcata (fig. 5). The fifth pair of feet have the 
second joint long and slender, and the margins do not appear to be 
ciliated ; the seta which springs from the inner angle, and also that 
which springs from the outer angle, of the basal joint are long and slender, 
while the terminal setae of the secondary joint are also elongate (fig. 6). 
The abdomen is elongate, being equal to nearly two-thirds of the length 
of the thorax ; the first and second segments appear to be, at least partly, 
coalescent ; their combined length is equal to half the entire length of the 
abdomen ; the last abdominal segment is very small. The caudal furca 
are short, and about as long as broad. 

Habitat. — Loch Fyne and Firth of Clyde. Generally distributed, and 
apparently not very rare. 

Remarks. — This distinct species of Idya appears to be unlike any 
previously described member of this genus. The two most prominent 
characters by which it may be distinguished fronf all closely allied species 
are — (1) The armature of the first pair of thoracic feet, and especially the 
long terminal spines of the inner branches, and (2) the long slender fifth 
feet. Idya duthce may by these two characters be distinguished at a 
glance even without dissection. lake other forms of Idya, this one bears 
a comparatively large ovisac. Both males and females have been 
obtained, and both are equally distinct. Hitherto this species has 
occurred only in moderately deep water. 



Monstrilla dance (t), Clapar^e. 

Several specimens of MonstriUa, all of which appear to belong to the 
same species — viz., Monstrilla dance, Clapar^de — have been obtained 
during the past year. They are all from the Clyde district, chiefly Upper 
Loch Fyne and Kilbrennan Sound. Usually one or two, rarely three or 
four, specimens were obtained in a single gathering. 

The gatherings in which Monstrilla was observed were from the follow- 
ing stations : — Station II. (three specimens). Station III. (one specimen), 
Station IV. (two specimens). Station VI. (three specimens). Station 
XIII. (two specimens). Station XFV. (four specimens). Station XVII., 
two gatherings (one specimen each). These gatherings were all collected 
in August and November 1898. 
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Dermatomyzon nigripes (Brady and Robertson). 

1875. Cydopicera nigripes^ Brady and Robertson, Brit. Assoc. 
Report p. 197. 

This fine species occurred in only one of the gatherings at present 
under consideration — viz., in a bottom tow-net gathering from Station 
XV. (Moray Firth), collected 20th November 1897. 

Rhynchomyzon purpurocinctum (T. Scott). 

1893. Cydopicera purpurocinctum, T. Scott, Eleventh Ann. Rep. 
Fish. Board for Scot., Part lU., p. 209, PI. III., figs. 29-40. 

This well-marked species was obtained in the gathering from Station 
XV. (Moray Firth), in which Dermatomyzon nigripes occurred, and in 
another collected at Station II., also in the Moray Firth, 5th November 
1897. In this species the last three thoracic segments are of a dark 
purple colour. Dr. W. Qiesbrecht has found Rhynchomyzon pur- 
purocinctum in Naples Bay. 

Neopontius angtdaris (T. Scott). 

1898. Neopontius angularis, T. Scott, Sixteenth Ann. Rep. Fish. 
Board for Scot, Part III., p. 271, PI. XIV., figs. 1-11. 

This species was described in 1898 from specimens obtained at Otter 
Spit, Upper Loch Fyne. I have now to record it from a bottom tow-net 
gathering from Station IV. (Kilbrennan Sound), Firth of Clyde, 
collected 24th August 1898 (27-29 fathoms). 

Bradypontiuspapillatus (T. Scott) (PL XI., fig. 21 ; PI. XII., figs. 7-15). 

1888. Artotrogus papiHatus, T. Scott, [Sixth Annual Report of 
the Fishery Board for Scotland (Appendix), p. 232, PI. VIII., 
figs. 7-12. 

1895. (?) Bradyppntiue dtdifer, Giesbrecht, Ann. and Mag. Nat. 
Hist., ser. 6, vol. xvi. p. 183 (August 1895). 

This species, described in 1888 in the Sixth Annual Report of the 
Fishery Board for Scotland, has recently been re-examined, and some 
further details of structure have been elucidated which I now propose to 
notice by way of supplementing the original description. 

The length of the specimen figured is 1 •2mm. (^^ ^^ ^^ inch). The 
first thoracic segment is equal to rather more than half the length of the 
thorax and abdomen combined ; the abdomen is moderately elongate, and 
the f urcie are rather longer than broad. In general appearance this species 
somewhat resembles Crihropontiui normani (B. and R.) (fig. 7, PL XII.). 

The antennules are eight-jointed. The first and second joints are elon- 
gate ; the third to the seventh are comparatively short ; while the last is 
about twice the length of the penultimate joint (fig. 8, PL XII.). The 
proportional lengths of all the joints are a[>proximately as shown by the 
formula — 

Numbers of the joints, 1 • 2 • 3 • 4 • 5 • 6 * 7 ' 8 

Proportional lengths of the joints, 36 • 50 • 18 ^10 • 14 • 12 • 16 • 81 

A moderately long asthetask springs from the end joint, as shown in 
the figure. 

The an ten use are apparently four- jointed, and a very small secondary 
branch bearing two minute hairs springs from the end of the second joint 
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(fig. 9, PI. XIL). The mandibles are long and slender (fig. 10, PL XIL). 
Figure 10a represents the apical portion of one of the mandibles greatly 
enlarged, which somewhat resembles the apical portion of the mandibles in 
Bradypontlua magnicepB (Brady). The maxillae resemble very closely 
those of Dyspontius striattiSy Thorell, but the inner lobe is slightly longer 
than the outer, and the terminal setaa appear to be shorter than those of 
the maxillae of that species (fig. 11, PI. XII.). The first joint of the 
anterior foot-jaws is large and robust, but the second is elongate and 
slender, somewhat dilated at the extremity, and armed with a short, 
stout, and finger-like subapical claw (fig. 12, PI. XIL). The posterior 
foot-jaws have the first and second joints moderately robust, but the 
end joints are somewhat slender, and terminate in a short, stout claw, as 
shown in the figure (fig. 13, PI. XII.) 

In the first pair of swimming feet, which are moderately stout, the 
outer and inner branches are nearly of equal length. The outer branches 
are armed exteriorly with short, stout, dagger-like marginal spines, and 
the interior marginal setae are one on the second and five on the last 
joint. The inner branches are furnished with one seta on the inner 
margin of the first joint, and two on the second joint ; while the third 
joint has five setae on the inner margin and apex, and a small one on the 
outer margin (fig. 14, PI. XIL). 

In the fourth pair the outer branches are stout and elongate ; the 
first and second joints have each one marginal seta; the third joint 
bears five marginal setae, and is also armed with a moderately large 
sabre-like terminal spine in addition to the small spines on the outer 
margin ; the inner branches, which are three-jointed, and scarcely reach 
to the end of the second joint of the outer branches, are slender, and 
provided with only a few minute hairs on the margins and two small 
apical spines (fig. 15, PI. XIL). 

Fifth feet small, one-jointed, subquadrate, each of them furnished with 
one small marginal and two short apical setae. There is also close to 
each foot exteriorly a long seta with a slightly dilated base which 
springs from the edge of the segment to which the fifth feet are attached 
(fig. 21, PI. XL). 

Habitat. — Firth of Forth. Rare. No males observed. 

Remarks. — As already stated, this specimen was first partly described 
and figured in the Appendix to the Sixth Annual Report of the Fishery 
Board for Scotland, published in 1888. It was described under the 
name of Artotrogus papUlatuSy but some doubt was expressed as to its 
being a true Artotrogtu. No more specimens having been observed, the 
interest in the species passed away, and it was practically forgotten. 
Recently, however, my son got hold of the original specimen from which 
the species was described, and with the assistance of Dr. W. Giesbrecht's 
work on the " Diagnosis, Synonymy, and Distribution of the Ascomy- 
zontidae" made a careful examination of the characters by which the 
species is distinguished, as well as a series of delineations illustrating its 
principal appendages, llie description given above is the result of this 
extra research. From the additional information that has been obtained 
by this re-examination, there can be no doubt that our species is a true 
Bradypontiua. It agrees perfectly with Dr. Giesbrecht's definition of 
that genus. It may also be identical with the species described by Dr. 
Giesbrecht under the name of Bradypontiua chelifer from the Bay of 
Naples, and, if so, the distribution of the species will be very considerably 
extended. 
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Amphipoda. 

A few of the Amphipods observed in the tow-net and other gatherings 
forwarded to me from the " Grarland " may now be referred to. 

The HyperiidsB were of rare occurrence in the tow-net gatherings 
forwarded from the Clyde or Moray Firth during the past year. 
Hypei'ia galba (Mont.), Hyperoche tauriformis (Bate), and ParcUhemido 
were observed in one or two of the Moray Firth gatherings, but in those 
from the Clyde only Hyperoche and Parathemisto were observed, the 
one from Stations I. and VIII. in both the surface and bottom tow-net 
gatherings, and the other from Station YII. 

The Orchestiidae observed include Orehestia mediterranean a species 
that appears to be of rare occurrence in the Clyde district One or two 
specimens were obtained amongst decaying sea- weed, on the shore 
between Fairlie and Hunterston in September. Orehestin mediterranea 
is readily distinguished from the more common Orchestia littorea by the 
form of the hands of the second gnathopoda in the male; in these 
appendages the propodos are triangular instead of ovate; the palm, 
which is almost straight, extends from near the base of the propodos, and 
has a triangular tooth-like projection anteriorly near the origin of the 
claw. The claw is long and somewhat sinuate, and nearly of the same 
length as the palm (figs. 9-1 1, PI. XIII., represent the anterior and posterior 
gnathopods and one of the posterior pereiopods). 

Only two specimens of this species have been recorded from the Clyde 
district by the late Dr. Robertson in Part I. of his Catalogue of Clyde 
Amphipoda and Isopoda. One of these he discovered at the west end of 
Cumbrae ; the other was sent to him by Mr. John Smith, Kilwinning, 
who obtained it at the mouth of the Garnock. 

A number of Amphipods belonging to the Lysianassidse have been 
observed. I will, however, refer to only one of them — viz., the curious 
Normanion quadrimanus (Bate and Westwood), a single specimen of 
which was obtained in a bottom tow-net gathering from Station I., 
Firth of Clyde (near Davaar Island), collected 15th December 1898. 
In Part II. of the late Dr. Robertson's Catalogue of the Clyde 
Amphipoda, that author records having, along with the Rev. Dr Norman, 
captured Normanion off Farland Point, Cumbrae, which seems to be 
the only previous record of its occurrence in the Clyde. Professor Sars 
has shewn that N, quadrim^antis is parasitic in its habits, and states that 
he has found it in great abundance clinging to the skin of fishes (both 
living and dead) caught on a fishing line set in deep water. It may, 
therefore, be found to be more common in the Clyde than it has hitherto 
appeared to be if a careful examination were to be made of the fishes 
caught in the deeper parts of the estuary. 

The Ampeliscidae were represented in recent tow-net gatherings from 
the Clyde by one or two moderately rare forms, such as Ampelisca 
laevigata, Lilljeborg ; Ampelisca spinipeSf Boeck ; and Haploops tubicoUty 
Lilljeborg. 

Amongst the Phoxocephalidse the only species that need be referred to 
is Harpina crenvlata^ Boeck. Four specimens of this Amphipod were 
obtained in a gathering of Crustacea dredged in Campbeltown Loch 
(Canty re) in 1897. This appears to be the first record of H, cremUata for 
the Clyde. 
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Argiaaa hamatipes (Norman)— one of the PontoporeiidsB — occurred 
sparingly in tow-net gatherings from the Clyde district as well as from the 
Moray Firth. Both male and female specimens were observed. 

The curious Stegocephaloides chruttianensis (Boeck) occurred in a bottom 
tow-net gathering collected in the Clyde at Station XVII. (Upper Loch 
Fyne) on 7th December 1898. This species appears to be somewhat 
rare in the Clyde district. 

Amongst the Amphilochidae the somewhat rare Amphilochus tenuimanus, 
Boeck, was obtained in a bottom tow-net gathering from Station VII., 
Firth of Clyde, collected at night on 23rd September 1898. A, tenui- 
manua is recorded in Dr. Robertson's Catalogue, Part I., page 28. 

AmphUochotdes odontonyx (Boeck). = Amphilo(^wide8 pusillus, Sars, 
was obtained in the Clyde at Stations III., IV., VII., and IX., but only 
in bottom tow-net gatherings ; while Gitana sarsi, Boeck (another of the 
same family of Amphipoda), occurred in a gathering from Station VI. 
collected on 25th August 1898. 

The family Stenothoidss was represented in the tow-net gatherings from 
the Clyde by Stenothoe marina (Spence Bate), Oresaa dubia (Spence 
Bate), and one or two other forms ; and in a gathering from Station XV. 
Moray Firth, Stenothoe marina, Metopa rohusta, G. O. Sars (a species 
recorded from the Moray Firth a few years ago in " Ann. and Mag. Nat. 
Hist.," ser. 6, vol. xiii., p. 148, February 1894), and Oressa dubia (Spence 
Bate). In Metopa robusta — the record of which in 1894 appears to be 
the first for Britain — the form of the first gnathopoda is quite distinct 
from that of the same appendages of any other British species except, 
perhaps, Metopa polexiana. 

MonoGulodes packardi, Boeck, occurred in a gathering from Station 
XVII. (Upper Loch Fyne) collected on 7th December 1898 ; and Synche- 
lidium brevicarpum (Spence Bate) at Station IV. (Kilbrennan Sound, 
Firth of Clyde) on 24th August 1898. 

Epiineria tuberculata, G. 0. Sars. Two specimens of this fine species 
were obtained in a gathering from Station IV., Firth of Clyde, on Ist Sep- 
tember 1898. Epimeria tuber cutata, which appears to be a rare species 
in the Clyde, was added to the British fauna about two years ago. 

Eusirus longipes, Boeck, was obtained from the Clyde in gatherings 
Stations VL, VIL, and VIII. It occurred in one gathering from Station 
VI., collected on 25th August 1890 ; in two other gatherings from Station 
Vn., collected on 3rd September and 24th September ; and in one from 
Station VIII., collected on the 29th of the same month. 

Ouemea eoaHita (Norman). This curious little species was observed in 
washings of material dredged at Station VL, Firth of Clyde. The same 
species has been captured off Millport by the late Dr. Robertson, and is 
recorded in Part II. of his catalogue of Clyde Amphipoda and Isopoda ; 
and his appears to be the only previous record of the occurrence of G, 
eoalUa for the Clyde. 

MelphidippeUa macera (Norman). This Amphipod, though obtained 
occasionally in tow-net gatherings, is apparently scarce, as only one or a 
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very few specimens are found in any single gathering. It occurred in four 
of the series of gatherings at present under consideration, all the four 
being from the Clyde, viz. : — In a gathering from Stations III. and IV., 
collected on 24th August 1898 ; in a gathering from Station VII. collected 
on 24th September ; and in one from Station VIII., collected on 29th 
of the same mouth. 

Photis longicattdatu6 (Spence Bate) occurred sparingly in a gathering 
from Station IV., Firth of Clyde. 

Amongst the Podoceridae Podocenis palmatusy Stebbing and Robertson, 
and Podocerus ptcsilltis, G. 0. Sars, have been obtained in tow-net 
gatherings from the Clyde — the first in a gathering from Station VII. 
collected on 24th September 1898, and the other in a gathering from 
Station VI., collected on Ist September. 

Unciola planiceps^ Norman, was obtained in the same gathering from 
Station VI. in which Podocerus pusillus just recorded occurred. Unciola 
appears to be an addition to the Amphipod fauna of the Clyde. 



ISOPODA. 

The following are a few of the more interesting of the Isopoda that 
have been observed in tow-net and other gatherings recently examined. 
Those from the Clyde are, Leptognathia bremremiSy Lillejeborg, collected 
at Station XII., between the south end of Arran and the Ayrshire coast ; 
Leptognathia hrevimana (Lilljeborg), at Station VI., 1st September 1898. 
Another closely allied species — Tanaopsis laticaudatay G. 0. Sars — was 
moderately frequent amongst a gathering of material from Campbeltown Loch 
(Can tyre) collected in May 1897. Munna boecki, Kroyer, which is larger 
than Munna kroyeriy Goodsir, and apparently more frequent in the 
Clyde, has been obtained at Whiting Bay, and one or two other places. 
Both Munna boecki and Munna kroyeri have been observed in the 
Moray Firth district. 

Paramunna hilohata, G. 0. Sars, recorded for the Clyde in 1894, by 
the Rev. A. M. Norman (Ann. and Mag. Nat. Hist. (6), vol. xii., p. 
280, footnote), was obtained at Station IV. (Kilbrennan Sound). It has 
already been recorded for Loch Fyne in Part III. of the Sixteenth Annual 
Report of the Fishery Board for Scotland. 

Pleurogonium rubicundum, G. 0. Sars, was recorded by the Rev. A. 
M. Norman, for the Clyde, in 1894, in the same footnote in which Para- 
munna is recorded (see reference under that species), and is, so far as I 
know, the only record ^ for the Clyde hitherto. Pleurogonium inerme^ G. 
O. Sars, has been obtained in a gathering from Campbeltown Loch (Can- 
tyre), collected in 1897, and in one from Station IV. (Kilbrennan Sound), 
collected on 24th August 1898. Pleurogonium epinodssimumf G. 0. 
Sars, another of these minute Isopods, has been recorded for the Clyde 
by the late Dr. Robertson, of Millport. 

Pseudione crenulata^ G. 0. Sars (a parasite of Munida rugosa), 
apparently new to Britain, and Pseudione affinis, G. O. Sars (parasite on 
Pandalus montagui), have both been observed in the Clyde, while Bopy- 
roides hippolytis (Kroyer) has been obtained in the Moray Firth. 
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Microniscus. The little parasite known by this name, and which, in 
the tow-net gatherings of the '* Oarland," is sometimes found clinging to 
CalanuSy Pseudocalanus^ and other Copepods, has just been shown by 
Prof. Sars ("Crustacea of Norway," vol. ii., p. 218-220, 1898) to be one 
of the post-larval stages of a species of Phryxus, In my paper on the 
"Marine Fishes and Invertebrates of Loch Fyne," published in the 
Fifteenth Annual Report of the Fishery Board for Scotland (p. 136, 1897), 
attention was directed to the close resemblance between Microniscua and 
the young of Phryxus /usticaudatvSy Spence Bate, but no definite opinion 
was expressed as to the relationship between them. Probably more than 
one kind of Bopyrus is represented by these Micronisci, but it may, at 
this stage, be difficult to distinguish the one kind from the other. 



CUMAOEA. 

Several interesting Cumaceaus have been observed during the examina- 
tion of tow-net gatherings recently collected, the following of which may 
be referred to :— 

Lamprops fasciata, G. 0. Sars, has been obtained sparingly in a 
gathering from the Cromarty Firth. Hemilamprops rosea, Norman, 
occurred in a gathering from Station IV. (Kilbrennan Sound), Firth of 
Clyde. Leucon nasicus^ Kroyer, was obtained in a gathering from 
Station XII. (Firth of Clyde), depth 4043 fathoms. Eudordlopsis 
deformis (Kroyer) — a curious little Cumacean — was taken at Stations 
VII. and VIII., Firth of Clyde, in moderately deep water. EudoreUa 
truncatula (Spence Bate) occurred in gatherings from Clyde Stations 
VII. and VIII., and Eudorella marginata (Kroyer) in a gathering from 
Station XII. 

Chmpylaspis ruhicunda^ Lillejeborg, was obtained in gatherings from 
Clyde Stations XII. and XVII. OumeUa pi/gmcea, G. 0. Sars, occurred 
in a gathering from Station IV. (Kilbrennan Sound), Firth of Clyde, 
24th August 1898, and in one from Station XV. Moray Firth, 15th 
November 1897. 

Ouma pvlchdla, G. 0. Sars, though only recognised within recent 
years as a member of the British fauna, has apparently a wide distribution 
around our shores. It was obtained in the Firth of Forth in 1889-90, 
and recorded in Part III. of the Eighth Annual Report of the Fishery 
Board for Scotland, p. 329, and afterwards in the Liverpool Bay District 
(Eighth Annual Report of the Liverpool Marine Biological Committee, 
p. 25). I have now to record its occurrence in the Clyde, having ob- 
tained one or two specimens in some washings of dredged material from 
Station VI. As pointed out by Dr. Norman, the first joint of the seventh 
foot is furnished with a series of backward-directed tooth-like processes, 
by which character (7. pulchella may be distinguished from its congeners. 



SCHIZOPODA. 

The Schizopoda, though plentiful in some of the gatherings, were 
usually limited to a few species, amongst which the Euphausiidae were 
the most numerous. The Schizopod usually of most frequent occurrence 
in the Clyde and Loch Fyne gatherings is Boreopkausia raschii, but in 
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the Moray Firth Thysanoessa negleda^ Kroyer, is frequently the pre- 
vailing form. * Nydiphanes norvegicus, which is also of frequent 
occurrence, and of large size, in Loch Fyne, is generally comparatively rare 
in the Moray Firth and in the Firth of Forth. This NyetipfumeSy though 
occasionally met with in considerable numbers in other parts of the Clyde 
district, seldom attains such a large size as it does in Loch Fyne. 

Erythrops serratvs and Erythrops elegans have been obtained in 
gatherings collected during the past year both in the Clyde and in Loch 
Fyne, but neither have been observed in the Moray Firth. Erythrops 
serrcUa formed part of the contents of a hake's stomach captured at 
Station XIV. (Loch Fyne). The Epicarid parasite Aspidoeda Normanni, 
Giard and Bonnier, was obtained on Erythrops elegans at Station YIL, 
September 1898. 

Siridla norvegica, G. O. Sars, was obtained at Station VIL (Firth of 
Clyde). The SirUHlce^ though represented in the Clyde by at least four 
species, are usually of rare occurrence, so that even the commoner forms 
are worth recording. Sinella norvegica is one of the less familiar of the 
British SirieLlce, 

Schistomysis omatus, G. 0. Sars, and Hemimysis lamomce (R. Couch) 
has been occasionally met with in the Clyde tow-net gatherings during 
the past year. The first has been obtained in gatherings from Stations 
VII. and VIII., near the mouth of the estuary, and from Stations XJV. 
and XVII. in Upper Loch Fyne ; the other was obtained in a gathering 
from Station VIL 

Zeptomysis gracilis^ G. O. Sars, and Leptomy$is lingaura, G. O. Sars, 
were also obtained in Clyde tow-net gatherings recently examined. Lep- 
tomysis gracilis occurred in a gathering from Station VIIL, and Lepto- 
mysis lingvura in two different gatherings from Station VIL, and In 
gatherings from Stations XIV. and XVII. 

Mysidopsis gihhosa^ G. 0. Sars, Mysidopsis didelphys (Norman), and 
Mysidopsis angtuia, G. O. Sars, have all occurred in gatherings recently 
collected in the Clyde and Upper Loch Fyne. Mysidopsis gibbosa was 
obtained in gatherings from three stations, viz.. Stations VIL, VIIL, and 
XVII.; Mysidopsis didelphys in a gathering also from Station XVIL, and 
Mysidopsis anguda in one from Station VIIL 

Before concluding these notes on the tow-net gatherings collected on 
board the "Garland" and forwarded for examination, it may be of 
interest to refer to a young form of crustacean which is sometimes met 
with in these gatherings. 

The study of the changes of form to be met with in the life-history of 
the Crustacea is a profoundly interesting one. The variations of form 
observed in the different species are sometimes so perplexing that they 
have occasionally puzzled even experienced students. Numerous larval and 
young forms are now and again captured in the tow-nets, but usually 
they belong to species that are fairly well known. It sometimes happens, 
however, that specimens are obtained which are not so easily disposed of, 
and I now draw attention to a curious form which is occasionally noticed 

♦ Thysanoessa neglecta has recently been observed in the Clyde. It occurred in a tow- 
net gathering from Station X., collected on the 16th of January last. An exposition of 
the characters which distinguished ^his from the closely allied species, T. longicaudata, 
will be found in Rev, Dr. A. M. Norman's excellent " Revision of tne British Schizopoda," 
publiahed in the " Annals and Magazine of Natural History," June- September 189X 
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in tow-net gatherings from the Clyde — the only Scottish locality where it 
has as yet been observed. The form referred to, which in general appear- 
ance is not very unlike the widely distributed crustacean known as 
Lucifer, has been known for a considerable period ; it was described 
and figured under the name of Trachelifer, by the late Mr. George 
Brook in 1888* but is evidently immature, and there is still 
some doubt as to the species to which it really belongs. The neck 
of this young form is long and slender; the thorax is small, and is 
furnished with more or less rudimentary appendages; the slender 
abdomen is more than twice the length of the neck, and the last 
abdominal segment is as long as all the other segments of the abdomen 
put together ; the telson and uropods are comparatively short, and more 
or less rudimentary. Figure 16, PL XIL, represents one of the Clyde 
specimens, which measured overall about 16*5 millemetres (§ of an inch). 
The specimens that have been observed vary in length to a small extent, 
but all possess the same slender Li^ci/er-like form. 

Habitai. — Station VII., Firth of Clyde. (I have also a specimen from 
Loch Fyne collected in 1886.) 

Additional Remarks. — Figures 17 to 20, Plate XII., exhibit on a some- 
what enlarged scale portions of the Lucifer-like crustacean referred to above. 
In fig. 17, which represents the front part of the cephalic segment, the eyes 
are large and somewhat divergent; the triangular rostrum is slightly shorter 
than the eyes ; both pairs of antennae are slender and elongate ; the 
antennal scales are also slender and rather shorter than the basal part of 
the antennules. Fig. 18 represents what appears to be one of the first 
perfiBopods. In the specimen dissected this was the only pair that 
had the extremities of the principal branches chelate ; all the other trunk 
legs appear to be simple. Fig. 19 represents one of the first pair of 
abdominal appendages, which are all more or less rudimentary; each 
appendage consists of a single unjointed branch, with a furcated 
extremity. Fig. 20 represents the posterior end of the last abdominal 
segment, together with the uropods and telson ; the appendages of the 
last abdominal segment form tapering and slightly curved processes; the 
uropods are foliaceous, and little more than half the length of the telson ; 
the telson is comparatively of large size. In the specimen dissected for 
drawing, the telson was somewhat imperfect. The extremity is therefore 
indicated by dotted lines, but in another specimen in which the telson 
was fairly perfect the following characters were observed : — The terminal 
lateral processes had each two small teeth on the inner margin, and the 
part between the lateral processes was furnished with twenty-two short 
and slender marginal spines ; the two middle spines were rather shorter 
than the others ; and there was a slight but perceptible gradation in the 
length of those on each side of the two central ones, the spines nearer 
the centre being somewhat shorter than those more distant. The larva 
above referred to was described by Claus as eine in vieler Hinsicht merk- 
wiirdigen Lai-ve in a paper Zur Kenntniss der Kreislaufsorgane der Schizo- 
poden unfl Derapoden, in Arb. d. z. Inst. Univ. Wien. V. 1884, p. 302 
(32), PI. VIII., figs. 48-50. The same writer subsequently described a 
somewhat more advanced specimen as the larva of CaUiaxis Oflnatica, 
Heller, ibid. VI. 1886, p. 63, PI. V., fig. 45. The identity of Brook's 
Trachelifer with Claus's Callicwis — larva is pointed out by Korschelt 
and Heider, Lehrb. d. vergl. Entwicklungsgesch. d. wirbell. Th., I., 
p. 471. Calliaxis is not yet known as a British form, being only known 
from the Adriatic and from Naples : at the latter station the larva is met 
with in the surface-fauna, but the adult has only been found once in 25 
years (S. Lo Bianco, Mitth. Zool. Stat. Neapel. XIII., p. 503, 1899). 
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Additional Notes. 

Shortly after the MS. of this paper had been sent to the printer I had 
the privilege of perusing the sixth portion of Das Tierreich, which has 
recently been published. This portion contains a revision of the Copepoda 
belongiag to the sub-order Gymnoplea by Giesbrecht and Schmeil; several 
of the species of Copepoda mentioned in this paper belong to the same 
sub-order, and on comparing these with the revision referred to I find 
that the names of four of them have been somewhat altered, as follows : — 

Bradyidius armatus (Brady). — Corrected name, Bradyidius armatus 
(Vanhoffen). 

Eurytemora lacimdata (Fischer). — Corrected name, Ewytenwra velax 
(LilJj), Brady. 

Metridia hibemica (Brady and Robertson). — Corrected name, Metridia 
lucem^ Boeck. 

Candace pectinata, Brady. — Corrected name, Candaeia pectinata, Brady 



Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 



EXPLANATION OF THE PLATES. 
PLATE X. 
SeoUcUhrix pygmaaf sp. n. 

1. Female, lateral view 

2. Antennule 

3. Anterior foot-jaw 

4. Posterior foot-jaw 

5. Foot of first pair of swimmiQg-feet 

6. Foot of fourth pair 

7. Fifth pair of feet, male (r., right; 1., left branch) 

8. Abdomen and caudal furca, female, dorsal view 

9. Abdomen and caudal furca, male, dorsal view 



SeolecUhrix hibemieat A. Scott. 
Fig. 10, Fiftli pair of feet, male .... 



Cylindropsyllus fairliensis, sp, n. 
Fig. 11. Female, lateral view .... 
Fig. 12. Mandible . . ... 

Fig. IS. Maxilla . . ... 

Fig. 14. Posterior foot-jaw 



X 53. 
xl26. 
x880. 
x880. 
x250. 
xl90. 
xl27. 
xl90. 
xl90. 



xl27 



x 63. 
x760. 
x760. 
x760. 
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Leptoearis viintUus^ gen. et sp. n. 




Fig. 16. Female, lateral view ..... 


xl07- 


Fig. IC. Antennule,' female ...... 


. X 760. 


Fig, 17. Antennule, male ...... 


X 760. 


Fig. 18. Antenna ....... 


X 760. 


Fig. 19. Mandible 


X 760. 


Fig. 20. Maxilla ...... 


x760. 


Fig. 21. Posterior foot-jaw ..... 


x760. 



PLATE XL 
Cylindropsylltis fairliensist sp. n. 
Fig. 1. Antennule 

Fig. 2. Antenna .... 
Fig. 3. Foot of first pair of swimming-feet 
Fig. 4. Foot of fourth pair 
Fig. 5. Foot of fifth pair . 
Fig. 6. Last abdominal segment, and caudal furca 



Leplocaris minutuSf gen. et sp. n. 
Fig. 7. Foot of first pair of swimming-feet 
Fig. 8. Foot of fourth pair 
Fig. 9. Foot of fifth pair, female 
Fig. 10. Foot of fifth pair, male . 
Fig. 11. Last abdominal segment, and caudal furca 



CUtodes perpUxa, sp. n. 




Fig. 12. Female, lateral view ...... 


x760. 


Fig. 13. Antennule ........ 


x760. 


Fig. 14. Mandible 


x760. 


Fig. 15. Anterior foot-jaw^ ....... 


x760. 


Fig. 16. Posterior foot-jaw ..... 


x760. 


Fig. 17. Foot of first pair of swimming-feet .... 


X 760. 


Fig. 18. Foot of fourth pair ...... 


x880 


Fig. 19. Foot of fifth pair, female 


x760. 


Fig. 20. Foot of fifth pair, male 


. x 760. 



x380. 
x380. 
x260. 
xl90. 
x380. 
x380. 



x76a 
x760. 
x760. 
x760. 
x253. 
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Bradypontius papillatus (T. Scott). 
Pig. 21. Foot of fifth pair 



x260. 



Fig. 1. Caudal furca 



PLATE XII. 
CUtodea perpUxa^ sp. n, 



x260. 





Idya clutfujg, sp. n. 




Fig. 


2. Female, dorsal view ..... 


X 53. 


Fig. 


8. Antennule ...... 


X 190. 


Fig. 


4. Foot of first pair of swimming-feet 


X 190 


Fig. 


5. Foot of fourth pair ..... 


X 190. 


Fig. 


6. Foot of fifth pair 


X 190, 



Bradypontius papillcUu* (T. Scott). 
Fig, 7. Female, dorsal view 
Fig. 8. Autennule 

Fig. 9. Antenna .... 
Fig. 10. Mandible .... 
Fig. 10a. Extremity of mandible . 
Fig. 11. Maxilla .... 
Fig. 12. Anterior foot-jaw 
Fig. 13. Posterior foot-jaw 
Fig. 14. Foot of first pair of swimming-feet 
Fig. 15. Foot of fourth pair 







X 58. 




• X 190. 






x380. 






x258. 






X 1520. 






x380. 






xl90. 






xl90. 






xl90. 






xl90. 



Larva of Calliazis (Trachdifcr), 
Fig. 16. Specimen, showing side view . 
Fig. 17. Head, showing antenme, etc. . 
Fig. 18. One of first perseopods . 
Fig. 19. One of the abdominal appendages 
Fig. 20. Telson and nropods 



X 10. 
x26i. 
x26i 
xl60. 
x20i. 
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PLATE XIII. 
* Diaptomtu lacinicUus, 
Fig. 1. Female, dorsal view ..... 
Fig. 2. Foot of fifth pair, female .... 

Fig. 3. Foot of fifth pair, male ..... 
Fig. 4. Last three joints of right antennule, male 



* Diaptomus hircus^ Brady. 
Fig. 5. Female, dorsal view .... 
Fig. 6. Foot of fifth pair, female 
Fig. 7. Foot of fifth pair, male .... 
Fig. 8. Last three joints of right antennule, male 



Orcheatia mediterranea. 
Fig. 9. One of the anterior gnathopods 
Fig. 10. One of the posterior gnathopods 
Fig. 11. One of the last |)air of perseopods 



Pyslloeamptus fairliensis, T. Scott, 

Fig. 12. Female, side view 

Fig. 13. One of the antennnles, female . 

Fig. 14. One of the antennse 

Fig. 15. One of the mandibles 

Fig. 16. Foot of first pair of swimming- feet 

Fig. 17. Foot of fourth pair of swimming- feet , 

Fig. 18. Foot of fifth pair .... 

Fig. 19. Last abdominal segment, and caudal furca 



DelavcUia gieshrechti^ var. 
Fig. 20. Foot of first pair of swimming-feet 

Fig. 21 . Foot of fifth pair 

Fig. 22. Last abdominal segment, and caudal furca 



* Ceriodaphnia qitadrangu^a, var. 
Fig. 23. Post-abdomen of female .... 
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X 32. 
.X 190. 
xl27. 
xl90. 



X 42. 
x263. 
xl27. 
xl70. 



X 18. 
X 18. 
X 9. 





xl60. 




x456. 




x456. 




x760. 




x456. 




x466. 




x380. 




xl90. 



x380. 
x380. 
xl90. 

xl62 



Reference to these species will be found in my paper on the Freeh-Water Lochs of Scotland in 

this Report. 
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Vlir. THE NATURAL HISTORY OF THE HERRING. 

By Prof. Dr. Friedrich Hbixcke, Director of the Biological 
Station, Heligoland. 

Abstract by H. M. Kyle, M.A., B.Sc, Exhibition Science Scholar, 

St. Andrews. 

" Although the herring, principally from its great commercial import- 
" ance, has formed the subject of probably more investigation, and of a 
** consequent literature both popular and scientific, than any other sea fish, 
^' the too general manner in which most of these investigations have been 
" conducted has led to the most contradictory results, and very little 
" to the real advance of our knowledge of the natural history ofthe fish 
"itself." Thus wrote J. Duncan Matthews in 1885 and, as might be 
expected, the literature has considerably increased since then, but the 
general manner of the investigations and the observations have under- 
gone a complete change, becoming more and more accurate and minute, 
with consequently further-reaching results. 

Matthews, however, made one exception, namely the work of Dr. 
Heincke, who in 1878 and again in 1882 had published the results of 
several years* study of the herring of the Baltic and North Seas. These 
studies were not completed with these publications, and the research has gone 
on, fostered by the German Sea-fisheries Association, year after year, until 
now in the present year a further large work has appeared. If it has 
taken so many years to bring this work to maturity, and if, as can easily 
be seen to be the case, the volume of results has increased, and the 
accuracy of which Matthews spoke become more perfect, then on those 
grounds alone this work of Heincke's demands the attention of naturalists 
in Great Britain, and of all those who take an interest in or are connected 
with sea fisheries. For naturalists, moreover, there is something of even 
greater interest than the results— the method, namely, which has gradually 
changed and become perfected as the subject developed in the mind of 
Dr. Heincke, so that it has been brought into line with the more advanced 
ideas in biological science. Dr. Heincke has been aided further by the 
criticisms of his earlier work which have appeared since its publication, 
and one can rely upon finding all those criticisms considered and 
answered in this present work. 

The magnitude of the research may be understood from the fact that 
over 6000 herrings and sprats have been examined, and over 100,000 
measurements taken. 

With such a volume of work before one, all of it important, it is diflS- 
cult to choose, for a brief abstract, what should be chosen, without running 
the risk of being too prolix, but in order to preserve historical continuity 
somewhat, it will be better to take up the work of Matthews, and show 
wherein the present work differs both with regard to method and conclu- 
sions. The method of Heincke, however, will only be displayed in so far 
as is necessary for a proper comparison of the works — that is, general 
notions of it only will be given. It would take up too much space if 
details were entered upon here, and a future paper will display it in full. 

Beginning, then, with the first paper of Matthews, namely, " Report as 
to Variety among the Herrings of the Scottish Coasts," Part I.,* the object 
sought and the results attained may be briefiy mentioned. As is known, 
herring fishing goes on round the Scottish coast at two separate seasons, 
in winter, and in summer and autumn, and the desire of the author was 

♦ FoKHh Report of the Fishery Board fur Scotland, 1885, p. 61. 
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to ascertain what relation the herring of these two seasons bore to one 
another, whether they were of one and the same stock, so that the summer- 
herring might be called the younger specimens of the same race of which 
the winter was the older, or if they were two distinct varieties. After a 
prolonged and arduous research, Matthews came to the conclusion that 
the evidence he had, though good, was not sufficient to decide the 
question. As a matter of fact, his conclusions, as will be shown, tended 
in favour of the second hypothesis, but because he demanded too much 
from nature, because the differences did not satisfy his ideal of what was 
necessary to give two distinct racas, he preferred to leave the question 
unsolved. 

To consider now some of his results ; first, with regard to the length of 
the head, it was found that the winter-herring had a slightly longer head 
than those of the summer, but that they vary more than the latter do, and 
further that the ranges of variation overlapped. A further complica- 
tion arose when immature herring were considered as well as mature. 
Immature herring have the head relatively longer than the mature, 
and the relative size gradually decreases from young stages onwards, 
so that the largest herring have the smallest proportionate head. 
If, then, the summer-herring were supposed to be the younger of the 
same stock as the winter-herring, the head in the latter should be 
relatively smaller, since they are the older. As a matter of fact the 
reverse is the case ; the winter-herring are not only somewhat larger in 
size but have the longer head. 

Again, with regard to the position of the fins, it is shown that in the 
summer herriug the centre of the dorsal fin is behind the body centre, 
whilst in the winter-herring it is in front. The anal fin, also, is further 
back (relatively to body length) in the summer- than iu the winter-herring, 
and so again for the pelvics. What has been said above with regard 
to the head in the immature and mature herrings holds also for the position 
of the fins. In the young and immature the fins are relatively further 
forward, and therefore, if the summer-herring are the younger lot of the 
same race as the winter-herring, the fins ought to be further forward. 
The reverse again is the case. Moreover, in the winter mature herring 
the length of the bases of the dorsal and anal fins is relatively greater 
than the corresponding lengths in the summer-herring. 

We might well ask now why Matthews did not consider these diflfer- 
ences sufficient to entitle the summer- and winter-herrings to be called two 
distinct races, seeing that they even agree with his own criterion — viz., 
the presence of two or more, not necessarily marked, characters, occurring 
generally together in the fish of certain localities and at certain seasons. 
The reasons are as follows i^Firstly, he had not examined all the varying 
characters, nor did he consider the differences, in the young, and in their 
habits, in the habits of the adults, nor the differences in their surrounding 
conditions. Secondly, he considered the differences too small. Thirdly, 
and this summer most confusing to him, the variations overlapped — i.e., the 
common ground of variation was the same or nearly the same for both 
summer- and winter-herring. 

This cannot be gainsaid, and the greater the number of specimens 
examined, the greater is the possibility of finding this overlapping. Nor 
could it be otherwise. If the breeds of domestic animals be considered, 
or if the races of men be compared, it is seen that this overlapping 
constantly occurs, more especially where the races are closely allied, and 
yet the races are regarded as distinct. 

It becomes simply a question of how to combine the results so as to 
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show the true meaning of this overlapping — 1.«., to bring out the mean or 
average of both sets, and allow the variations to dovetail into one another 
on the one side or the other, or both. This Matthews did not attempt, 
nor could he very well at that time, but what he did was to divide up the 
grounds of variation into a number of small divisions, and arrange under 
each division the number or percentage of individuals observed to have 
this or that variation. 

An example may be given in order to show this. 

TABLE XXVI.,* 

Showing Percentage of Mature Herrings of Progressive Lengths 
OP Body, arranged according to Ratio of Position of Centre of 
Anal Fin to Body-Length (less Head and Caudal Fin). 





Winter. 


SUMMBR. . i 


Ratio of 
Fin Position. 


•751 j -768 
to \ to 
■762 -773 


'774 1 -786 
to to 

-784 ; -7% 


■796 807 -818 
to to to 

•806 -817 -828 


•829 
to 
■839 


•761 

to 
.762 


•763 
to 
■773 


•774 
to 
•784 


•786 
to 
•795 


•796 
to 
•806 


•807 
to 
■817 


•818 
to 
•828 


•82* 
to 
839 


1 


mm. 
ISO to 169 


X 


X 
ll'l 


% % 
6*6 33'8 


% 
33*3 


t 
11-1 




% 


h 


i. 


14-3 


.?. 


X 

32-1 


i-7 


7^ 


% 


170 to 189 


2-9 


12'8 


32-8 


21-5 


26'7 
25-7 


4-3 






•7 


4-2 


6-7 
6-4 


19-0 


29-5 


22-5 


14-8 


3*5 


190 to 200 


1-4 


11-4 


24-3 


24-3 


8-6 


2-9 


1-4 


•7 


1-4 


^■6 


31-3 


26^5 


13-6 


6-6 


210 to 229 




10-8 


22-0 


22-0 


25-3 


14-4 


24 


13 








lO'S 


39-1 


24-0 


19-e 


6*6 


230 to 249 


•• 


2-6 


13-2 


29*0 
26-2 


31-6 

28-3 


21-0 
11-9 




2-6 






10-0 


10-0 


30-0 
32-4 


200 


m-0 


•• 


Percentage of 
all Lengths. 


•9 


97 


19*8 


2-2 


1-0 


1-0 


S^S 


V\ 


15-4 


20-7 


17-0 


31 



The reasoning by which Matthews reached his conclusions should also 
be given, and as it is common for all the differences recorded, it can be 
centred round the above example. First, objection was taken to 
Heincke's earlier method of dividing up the variability into three classes, 
which, legitimate in itself in order to display small differences, contains 
the following possibility of error or flaw : — 

" We have," says Matthews, " in most of the characters a more or less 
" common ground of variation — i.e., a region in which the character appears 
** so commonly as to be entitled to the term normalyf and an extreme of 
"variation on one or both sides of this, and more or less great. By 
"dividing the total variation into three equal divisions we perhaps in some 
" cases include the normal in the first, in others in the second, or it may 
" be in the third division. This would not necessarily be very confusing, 
" but further, as in some of my cases, part of the normal cases would be 
"included with one extreme of variation, part — probably an entirely 
" different quantity — with another. If for facility in the investigation, so 
''few artificial divisions of variation as three are used, they should be not 
*' equal in extent, but such as to cover a normal condition and an upper 
" and lower extreme of variation, except where the variation is equfiJly 
"spread over the individuals." 

♦Part II., Fifth RepoH of the Fuhei-y Board for Scotland, p. 296, 1887. 
t Italics are mine. 
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If this notion of the normcU condition, or average as we should call it 
now, had been rigorously worked out, there can be little doubt that it 
would not only have altered the conclusions reached by Matthews, but 
have forestalled to a certain extent the method now used by Heiucke. 
The turning-point of the whole investigation, in fact, depends upon the 
rigorous determination of this normal or average condition. 

In effect, Matthews inclined in the opposite direction — dividing the 
ground of variability into more numerous divisions, with the notion, 
apparently, of showing that if two races could be taken from this field of 
variation, so might three, or even a dozen. The result was that the 
number of individuals under each heading diminished, rendering it more 
and more difficult to see any differences, for the mind cannot grasp such 
a great number of particulars. If the number of divisions be increased 
they should be increased ad infinitum, i.e. the characters should be 
represented as they are in nature. There must be some guiding principle 
in order that the mind should be able to grasp the meaning of the 
variations, and the simpler the principle the more likely is it to represent 
the reality. One can understand, then, the position of Matthews — there 
was difference, and yet no difference. At first sight one saw the 
differences ; on scrutinising closer, endeavouring to grasp the meaning of 
the variations, and endeavouring to take into account the infinite number 
of possibilities that lay outside the bounds of the observed number, the 
mind became more and more confused, and the only conscientious decision 
was to examine an enormously larger number of specimens at every 
season of the year, and for many years consecutively, before a definite 
answer could be given. And such, in fine, were the conclusions of 
Matthews. 

What, then, is the method of Heincke ? Simply, to concentrate the 
attention on the normal condition or average, to carefully eliminate all 
errors likely to arise by imperfect observation or arising from different 
ages, sex, seasons, or regions ; to get the average clear and distinct so as 
to allow it to speak for the specimens examined ; and then further, by 
the mathematical calculation of the possibility of error contained within 
it, allow it to speak for the whole tribe, or race, or even species. 

As an approximation to this method the number of divisions in the 
above Table, given by Matthews, may be reduced to two. 





Winter. 


Summer. 


Ratio of Fin Position. 


•751 to -795 


•796 to -839 


•751 to -795 


•796 to -839 




M.M. 












150 to 169 


500 


50-0 


50-0 


60 


170 to 189 


70-0 


30-0 


29-6 


70^3 


o 
.a 


190 to 209 


61-4 


38-6 


23-1 


76-9 


1 


210 to 229 
230 to 249 


56-7 
44-8 


43-3 
65-2 


10-8 
200 


89-2 
80^0 


Percentage of all 
Lengths. 


56-6 


43-4 


26-8 


73^2 



This Table * shows more clearly the difference between the two— 

* " Naturgeschichte des Herings," p. 24 et »eq., on which this criticism i» for the most 
part based. 
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how in the summer-herring the relative distance from the head to the 
middle of the anal fin is much greater on the average than in the winter- 
herring. If the artificial division is done away with, however, and the 
** normal condition " or average be calculated, the difference will be still 
more evident So with the other results of Matthews' — the observations 
agree with those of Heincke's ; the only difference lies in the method of 
grouping the variations. 

Is the average, then, to be relied upon, it may be asked 1 Only so far 
as it represents typical individuals at the same period of their lives ; and 
in order to obtain these both Matthews and Heincke chose mature spawn- 
ing herring. But even then some may question whether an average taken 
from, say, a thousand specimens, can be considered as representing the 
normal condition of millions. To which the answer is twofold — it is 
the only average or normal condition we are ever likely to obtain, and 
further, if the amount of possible error in the average of these relatively 
few individuals be calculated — i.e., if the probable amount of variation of 
this average be found the probability of its representing the normal con- 
dition of the race is increased a thousand-fold. 

The test would be then to examine the herring of the same region year 
after year, in order to see if the average always remains within the calcu- 
lated average ground, and such can be the only real test ; but care must 
be taken to see that the same shoal is present. 

These considerations will, however, be dealt with in a future paper ; for 
the present wo can only admit the necessity of obtaining such an average. 
It is necessary, if only to bring order into a heterogeneous mass of indi- 
viduals and individual characteristics, which seem so constant and yet so 
evidently vary, that we cannot tell by merely looking at our results or 
artifically grouping them what we should take as the constant. And if 
we remember, too, that every individual and every character is variable 
and varying, then the necessity will deepen in our minds of seizing firm 
hold of that which most truly represents what we Imow, It is impossible 
to examine all the animals of a species ; it is impossible even, as we have 
seen, to grasp the significance of the variations of a few without calculating 
the average ; but if we proceed tentatively, examining a few and calcu- 
lating as we proceed, in a methodical manner, the amount of certainty ia 
every step, then the conclusions become more and more positive and 
reliable, until the desired end is attained of seeing the deductions from our 
generalisations fulfilled in nature. This is the real intrinsic worth of the 
method used by Heincke. As pointed out by himself, it is the method 
used by physicists and chemists to calculate the probability of error, in 
their observations, more recently used by anthropologists, and now at 
last introduced into biology by Galton, Karl Pearson, and Weldon in 
Britain, and by Heincke in Germany. 

The criticism of the work of Matthews has been introduced in order to 
show with what reason Heincke has believed himself entitled to divide up 
the Scottish herring into at least two distinct races. His observations on 
these have not as yet been so complete as those made on the races of the 
Baltic and the eastern side of the North Sea, but the results all tend in 
the same direction. 

General Outstanding Features of the Biology of the Herring. 

(1) Herrings are social animals, which from birth live together in 
more or less compact shoals. This circumstance stands in close relation- 
ship with their essential food-supply (Copepods, Diatoms, &c.). (2) The 
herring is bound as species neither to a certain distinct quality of the sea- 
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water (salinity, temperature, <fec.), nor to a specific kind of food- 
supply. (3) I'he herring differs from its generic allies in having tixed 
demersal eggs. It is thus compelled to seek for the purpose of spawning, 
certain fixed grounds which, so far as is yet known, must be clean 
and firm. At spawning time the shoals comprise individuals in different 
degrees of ripeness. 

Moreover, as a species, the herring is bound at spawning by no fixed 
rule — neither in the depth of its spawning place, which may vary from 1 
to 100 metres ; nor in the time of spawning, which may fall in all the 
months of the year ; nor in the temperature of the water of the place, 
which may vary from 3® to 20° C. (4) The life- cycles pass within u 
small area, year in and year out, with ever constant regularity. In the 
western Baltic, for example, the herring (as a race), year in and year out, 
have their fixed spawning places with certain fixed qualities of sea-water. 
Whilst for the herring, as a species, the characters show the greatest 
variation within the definite area, for the herring, as a local form, these 
are constant. (5) Spawning herring spawn only once every year, and the 
spawning time extends over one or perhaps two months. (6) The period 
of development in the egg depends upon temperature. The time from 
the escape from the egg till the assumption of the adult form is very vari- 
able, depending upon dwelling-places and life conditions of the shoal. In 
the Schley (Baltic) spring-herring the whole process is passed in three to 
four months — probably from May to July ; in the western Baltic autumn- 
herring it spreads over seven to eight months — probably from November 
to June of the next year. 

Local Form or Race. 

A race forms manifestly such shoals as restrict themselves to more or 
less similar spawning places, with like or very nearly allied characteristics 
of ground and water, in order to spawn at the same period of the year — 
disappearing then to return iu the next year at like time to similar places 
in similar ripe condition. 

Keeping together in this way they will be the more nearly related, 
because they intermingle and transmit always the same characters. It is 
necessary to make a prolonged study, extending over several years, of the 
spawning shoals, in order to get these characters and show that they are 
hereditary — and thus not only the same individuals or the same generation 
must be studied, but several generations. It is of importance also to 
study the representative shoals of the race, so that any change iu the 
dwelling or spawning places may be at once detected. In this lies the 
great importance of the study. The shoals are so restricted by physical 
conditions that they have no reason to wander far from their native 
places, or to mix with one another in their wanderings. They find all 
the conditions for their growth, and, above all, for their reproduction, in 
a relatively-speaking confined home-district. 

The difference in bodily structure between races, though small, is dis- 
tinct in the dimensions of the body, composition of the vertebne, shape of 
head, &c., and even iu the development. And the races resemble one 
another in different degrees. Avoiding the technicalities involved in the 
method, the following general conclusions with regard to local forms or 
races may be given, and then we shall proceed to the more detailed differ- 
ences between the various races. 

(1.) A race is a collection of individuals which live within like surround- 
ings and which through the intermingling of the sexes stand in cIosq 
blood-relationship. 
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(2.) The individuals of a race, both in their separate characters and 
in the combination of all their characters, are the fortuitous examples or 
forms of an uleal type^ which is obtained from the average of all the 
characters of every individual. It is as if nature were ever aiming to 
arrive at this ideal and thus presented different combinations of characters 
in every individual, and different grades of variation in every character. 

(3.) Every individual presents the same average amount of variation 
(in the combination of all the characters) from the tt/eo/ type, but each 
individual presents a different permutation of the separate variations of 
the series. 

(4.) The ideal type of a race and the extent of the degrees of 
variation in the different characters appear as the expression of the 
living-conditions regarded as a wfiole, with all their internal combina- 
tion, organisation, and cyclically recurring changes. The individuals are 
the expression of this organisation and changings of the living-conditions. 

(5.) The existence of local races is certain, and they differ from one 
another in the same characteristics as species from allied species. 
As a rule these differences are smaller, but not always. Thus comparing 
the pilchard, sprat, and herring with regard to the average number of 
vertebrae, the sprat has 48, the pilchard 52, and the herring 56. But 
in the Norwegian spring-herring the averas;e is 57*6, and in the herring 
from the White Sea the average is 53*6, so that the difference with 
regard to this character between two races of one species is as much as 
that between the two species of pilchard and herring. 

(6.) Those more separated by geograi)hical or rather physical condi- 
tions differ more also. So far as geographical conditions are concerned 
they may or may not be nearly allied, and complex conditions in the 
surroundings may even call forth in (geographically) the same region 
distinct season- races, as spring- and autumn-herring. As will be shown, 
the differences between these must be deeply grounded in nature. 

(7.) The result of the study — that small groups of races differ from 
one another in certain characters in striking fashion will help us in the 
future, on the way to the physiological solution of race-differences, when 
we know better the physiological signification of the organs and the 
nature of the life-conditions. 

(8.) The race-characteristics, so far as present evidence goes and until 
proof of the opposite is forthcoming, are to be considered as hereditary. 
Thus the herring of Schley, examined in May 1878, and again in April 
1888, presented the same averages for the characters — the differences 
lying within the limits of the possibility of the variation of the average.* 
It follows, then, that the young of the Schley spring-herring when they 
have grown to maturity return to the place of their birth in order to 
spawn. And so we may conclude for others. The place of their birth, 
of course, must not be construed as this or that particular square mile of 
the sea, but as being a place where the conditions of ground and water 
are always the same or similar. 

(9.) The dwelling-areas of the herring, which they do not leave as a 
rule, are large, but vary in extent This is a most important practical 
conclusion, but in order to see its full significance we must first discern 
the races into which the herring as species is divided, and then consider 
the question of migration. 

The herring as species is naturally divided into two great groups of 
rfices — the sea-herring or autumn-spawners, and the coast-herring or 

*VoLir., pp. 31 to 42, Tables IX.-XXI. 
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spring-spawners. It must not be thought that the differences are very 
great between the groups or that they are sharply marked off: there is uo 
fixed line in nature ; but if the habits, characters, and variations of these 
be regarded iu the herrings as a whole, the grouping is seen to be perfectly 
natural. 

Sea-herring or Autumn-spaimers (Bank-herring). 

These dwell in the open» sea from the coast of Scotland and England 
through the whole North Sea, the Skagerrak, Kattegat, and western 
Baltic, gradually tailiug-off in the middle portions of the eastern Baltic, 
towards Gotland. They all, in summer or autumn, come from the open 
sea to spawn on the sandy or stony banks which lie at some distance 
from the coast towards deeper water. Their body-characteristics are 
locally very different; in the eastern Baltic they are quite different 
from those on the Scottish coast. But all the races of this series show 
certain co-ordinate peculiarities in the composition of their race-characters, 
differentiating them from the other gi-oup of winter- or spring-spawn ers. 
They all display a moderate number of vertebrae (56*5 to 55*5 on average), 
with a high number of keeled scales behind the ventral fins (15*0 to 14*0 
on average), and a strong development of these scales, which in the young 
are often like those of the sprat in their sharpness. The number of the 
vertebrae to the first haemal arch is great, mostly 25 and more. The head is 
thick-set, high, with varyingly prominent foreshortening of the snout, and 
weaker or stronger In-achj/cephcUism of the skull. Also characteristic are 
the length of the back, and the relative shortness of the tail— they are 
brachyuric. Lastly, the pronounced disposition to change the number of 
the fin-rays in the ventral from 9 to 8, is distinctly characteristic. 

These characteristics vary with their dwelling-places ; from west to 
east we get a gradual transition from highest number of vertebrae, of 
keeled scales,- and strongest brachycephalism, through decreasing 
number of these, to a distinctly lower number of vertebra?, of, keeled 
scales, less breadth of skull, and smaller size. 

Coast-herring or Spring-spaicners. 

These dwell in the coast waters of the whole North and Baltic Seas 
to the innermost corner of the last. They all spawn in winter or spring 
iu the immediate proximity of the coast, and come very often 
into narrow and brackish bays or river-mouths. Also, their body 
characteristics are locally very different, even more different than between 
those of the corresponding races of sea-herring. But they show certain 
determinate characters in the composition of their race-characteristics 
which differentiate them from the large group of sea herring. Thus, the 
small number of keeled scales (14*0 and fewer on average), and the weak 
development of these scales. The number of vertebrae is, as a rule, not 
smaller, but the number to the first haemal arch is relatively smaller. 
The head is coarser, longer, with stronger development and elongation 
of the snout, and mostly smaller skull-breadth — prominent dolichocep- 
hcdtsm. The back is shorter ; head, and especially tail, long — in the 
extreme forms clearly dolichuric. Lastly, the relatively seldom occur- 
rence of 8 rays in the ventral fins. 
There are probably two groups of these, geographically : — 

(a) Those of the southern North Sea and western Baltic from 
the Zuyder See to the Schley and other brackish bays of the 
west Baltic, 
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This 8 a very strongly marked series, thus the number of the vertebrae 
is small (55 8 to 55*0). 

(h) Those of the northern North Sea, beginning with the spring- 
herring of the Scottish coast and continuing in the coast- 
herring of the Skagerrak (spring- herring of Bohuslan), through 
the Sound to the spring-herring of RUgen, and ending with 
the spring-herring of the eastern Baltic 

Its characteristics, in contrast with the foregoing, are — ^greater number 
of vertebrsB (and higher number of these to ie first haemal arch), a some- 
what smaller number of keeled scales,^ a longer head and tail 
— i.e., they stand between the group (a) and the sea-herring. In the 
west, on the Scottish coast, these herrings are very large in body, 
with higher number of vertebrae (57*0), and are mostly winter- 
spawners; in the Skagerrak, somewhat smaller (V., 56 5), and spring- 
spa wners. Towards Kligen the variation continues in the same direction 
(V., 56-0) as well as in the eastern Baltic (V., 55*5 to 50*0), and the 
spawning-time reaches further into the summer. 

The races of the sea-herring of the northern North Sea and as far as 
Gotland in the Baltic, and-the races of northern coast-herring from Scot- 
land towards the eastern Baltic, run in a very noteworthy fashion 
geographically parallel. Especially astonishing is it that the connection 
of the sea-herring of the eastern Baltic with those of the Kattegat through 
the Belt and further through the western Baltic (autumn-herring of 
Korsor) has corresponding to it the connection of the coast-herring of the 
eastern Baltic with those of the northern North Sea through the Sound 
by Riigen. 

The spring-herring of the Belt and western Baltic (Schley) form a 
divergent group which, as already mentioned, find their nearest allies in 
the southern parts of the North Sea (Zuyder See). 

To this ch£U^cteristic parallelism in the location of the sea- and coast- 
herring there is a corresponding parallelism in the body-characteristics. 
Each one of the two groups always retains the same characteristic com- 
position of the characters, and one can tell almost always the sea-herring 
from the coast-herring; but for both groups we find in any one region 
the same gradation or variation of the characters. The further the sea- 
herring advances into the Baltic, so much the more do we find a decreas- 
ing breadth of skull, decreasing number of vertebrae and number of 
keeled scales, as well as decreasing length of body, and it is quite the 
same for the coast-herring. 

Having thus obtained some general notions with regard to the natural 
grouping of the heriing, we may now proceed to the particular races and 
the details of their differences. 

Particular Races of tlie Herring. 

I. Iceland Herring. — These herrings are of large size, mostly over 
300mm. when in maturity ; number of vertebrae large, in average over 57 ; 
number of keeled scales behind ventral fin (k2) small, in average under 
14 ; tail tolerably long ; head thick-set, short, high, and broad, with very 
short snout ; eyes very large, and operculum very broad ; length to breadth 
index of the skull large, in average 31 — brachycephalism. 

Time of spawning not yet definitely known — probably in spring or 
summer. 

IJ. Spring Herring of Norway (Vaarsild). — Very large in size, in 
maturity over 300mm. ; number of vertebrae very large, in average over 
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57 '5, in single examples up to 60; number of tail vertebriB large, in 
average 14*5 and more; number of keeled scales under 14.5 in average; 
body tolerably long, with small difference in position between dorsal and 
anal fins ; heaid, and especially tail, short ; anal fin long, often longer than 
dorsal; head well formed, with tolerably long (on average, high also) 
snout, small eyes, and tolerably broad operculum ; cranium small, tolerably 
high and slender; length to breadth index tolerably small (30) — 
mesodolichocephalism. 

One of the most definite' ^ marked races ; spawning time in February 
and March. The Norwegian summer and " fat-herring " is the young of 
the vaarsild. 

III. Spring or Coast Herring of the noHherly North Sea and Skager- 
rak. — Large, in maturity mostly over 250mm. ; sum of vertebrae large, 
in average 56*5 to 57*0 ; number of tail vertebrae large, average over 14*0 ; 
keeled scales, 14'5 in average ; back and tail as in former race ; anal and 
dorsal fins very long ; length ,to breadth index of skull small (30) — 
mesodoli chocephalism. 

This race, which strikingly resembles the foregoing and seems to differ 
from it only in the smaller number of vertebrae, includes those which in 
spring, in more or less salt water, are spawning on the west and east coasts 
of Scotland (Ballantrae, Firth of Forth), as well as those of the Skager- 
rak coast (Yarsill of Gothenburg). They differ from the sea- or autumn- 
herring of the same places in many characteristics — above all, in that they 
have, as a rule, a more pronounced body stature, longer anal fin, and 
higher, or at least not smaller, number of vertebrae ; against which stands 
a smaller number of keeled scales, and a smaller skull breadth ; and 
lastly, that in them, as in the Norwegian " vaarsild," the number 8 in 
the ventral fin-rays occurs much seldomer. 

The three races included in this group — the spring-herring of Ballantrae 
an the west coast of Scotland, the spring-herring of the Firth of Forth, 
ond the spring-herring of Bohuslan — are quite distinct the one from the 
other. The last gives a clear and interesting transition to the spring- 
herring of RUgen. 

IV. Sprinr/ or Coast Herring of the southern North Sea and taest 
Baltic, including those of the Kaitegat, — Moderately large, the average at 
maturity seldom reaching 250n)m.; number of vertebrae small, the 
average over 550, highest 56, seldom over 55*5 ; number of keeled scales 
under 14*5 in average ; number of vertebrae to the first hcBmal arch low, 
in average 24 or less, to highest 24*5 ; dorsal and ventral fins and the 
anus mostly in a forward position, especially the two last ; head 
with short and small or medium-sized snout, and tolerably high skull ; 
length to breadth index tolerably large (30 to 31*5 and more), strong 
brachycephalism ; pre-eminently coast-herring which spawn in more or 
less brackish bays and mouths of rivers, in spring time from March to 
June ; the young grow up in these bays, and wait there quite a year. 

This group contains three sub-groups — (1) Herring of southern North- 
Sea, of Rinkjobing Fjords, Dollart, and Zuyder See ; (2) herring of west 
Baltic (Schley, Dassower See, &c.) ; (3) spring-herring of the Liimfjords 
and Belt. 

IVa. Spring-herring of Riigen. — Large size and large number of 
vertebrae ; an intermediate form between the east coast herring of the 
Skagerrak and the *' strondings " of the east Baltic. 

V. Autumn or Sea Herring of the southern North Sea, including those 
of the Skagerrak and Kattegat (Northern Bank Herring), — Large, at 
maturity mostly over 250mm.; number of vertebrae moderately large, 56*5; 
number of keeled scales high, mostly over 14*5 to 14*9 ; number of 

T 
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vertebrae to first haemal arch mostly at 25; body long, head, and 
especially tail, short; anal fin moderate to short; head with tolerably 
abort and high snoat ; snout mesobrachycephalic ; tolerably frequent, 8 
rays in ventral fin, in from 20 to 30 per cent, of all individuals. 

To this race belong all the great shoals in the North Sea, which 
constitute the material for the great fisheries on the Scottish coast, to the 
Dogger Bank, in the Skagerrak and Kattegat. Those inhabit the open 
sea, and come for spawning in summer and autunm to places from near 
the coast to the rising banks (about forty miles out), those on the Scottish 
side near in, those on the eastern side further out (40 to 60 sea miles). 
Their young are born and grow up in the open sea, and extend seldom 
or never into the mouths of rivers. 

VI. Autumn or Sea Herring of the Soutliem North Sea (Southern 
Bank Herring), — Closely allied to foregoing ; smaller size of head ; 
•extraordinary large number of keeled scales, 15 on average, to 17 and even 
20 in individual cases ; in young also these scales are much sharper than 
in any other group ; skull strongly brachycephalic — 310 to 32 on average. 

Belonging to this group are the autumn-herring of the German Bight, 
those of the Dutch coast, probably those of the English coast (though 
these have not yet been studied), and those to the south of the Dogger 
Bank. True spawning period not exactly known, from mid-summer to 
November probably, nor spawning places, which are probably from 
somewhere near the coast to the Dogger Bank. 

The young are bom and grow up in the open sea, but may extend to 
the German and Dutch coasts, as also those somewhat older ; those ripe 
for the first time (young autumn-herring of the mouth of the Elbe) may 
extend to the mouths of rivers and brackish waters, if the water is still 
sufficiently saline. 

These are small and of poor quality ; this was not always so, however. 
A hundred 3rears ago this fishery was important, and may become so 
again. If the herring shoals make such great wanderings as they are 
said to do, from the ocean in the North down along the whole east coast 
of Great Britain, it is a matter of wonder that they do not proceed 
even further into the southern parte of the North Sea and into the 
German Bight. This they never do. We must conclude, then, 
that there are some unknown invisible limits to their wanderings ir. the 
eea. 

VII. Autumn or Sea Herring of the Baltic (Bank Herring of the 
Baltic), — Through the intermediary of the autumn-herring of the 
Kattegat, this group is also allied to Group V.; size, 250mm. on average, 
but towards Rugen and Gotland Bank growing less to 220 and 210 mm. 
(in size it is much smaller than the spring-herring of the same regions) ; 
number of vertebrae small, 56*0 on average, and less to 55*5 ; number of 
vertebrae to the first haemal arch high, 25*0 and more; number of keeled 
scales moderate, 14'0 to 14*5 ; dorsal and ventral fins placed far back; 
rays of ventral fins show tendency to change from 8 to 9. 

The autumn-herring of the Belt, of the western Baltic, and of a stretch of 
the eastern Baltic from Riigen by Bornholm to Gottland, belong to this 
group. They spawn from the middle of September to the end of October, 
on the banks in the open sea, as off the coast of Fehmam, but never in 
the bights or brackish waters. 

VIII. Spring-herring of the eastern Baltic or " Streamlings,^' — These 
are of small size, mature for first time at a size much less than 
200mm. ; in the Bothnian Gulf they have been found mature at only 
125mnL ; number of vertebrae small, under 55*5 to 55*0 on an average; 
keeled scales behind ventral fins also small in number, the highest 14*0 
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going down to 13*5 and less ; number of vertebrae to the first haemal arch 
is, in contrast to small number of vertebrae, very high, on a average 
25*0 and above ; head and tail very long, back very short ; dorsal and 
ventral fins posterior, variation of their positions great — the ventral is 
often under the middle of the dorsal, sometimes even behind this ; anal 
fin very short ; snout long and strongly developed, cranium small, 
tolerably high and narrow ; length to breadth index very small, on an 
average under 30*0 to 28*0 and individually to 27*0 — dolichocephalic. 

The " Streamlings " inhabit the coast waters especially of the eastern 
Baltic in great multitudes, and spawn in spring more or less near to he 
land — seldom before April, often even in June and July. 

IX. — Herring of the English Channel, — Although only a few specimens 
from Brighton and from Havre have been studied, they show a clearly 
marked local character ; they stand nearest to Group VI., the autumn- 
herring of the southern Korth Sea, and show many of the distinguishing 
characters of these, developed in the extreme. Size medium, probably 
on an average not over 250mm. ; number of vertebrae seems small, on 
average to 56*0 ; number of keeled scales behind ventral fins very large, 
15*0 and more; form of head very characteristic, it is very short and 
high, especially the snout ; cranium very high and brachycephalic : length 
to breadth index on an average 32 and individually to 34-0. 

These herring form one limit or boundary of the species with regard to 
their dwelling places. They spawn apparently more in winter than in 
autumn — from November to February. 

X. — Herring of the White Sea. — A very distinct race, especially from 
the European races, and might almost be called a distinct species ; size 
moderate ; number of vertebrae very small, only 53*6 on average and 
descends even to 52 ; this is a difference of at least 1 '5 on average from 
their nearest allies, the "Streamlings" of the Baltic (VIII.) ; very small 
number of keeled scales, 26*5 on an average in front of ventral fins, 12*5 
behind — together 39 ; so small a number does not appear in the other 
races ; in contrast to the small number of vertebrae is the relatively high 
number of these to the first haemal arch (25*0), and the high number of 
the tail vertebrae, 15*0 ; the forward position of the dorsal fin and the 
backward position of the anus are also remarkable ; further, the great 
length of the anal and especially of the dorsal fins ; snout is very long 
and high, with large jaws ; cranium is large, posteriorly narrow, teeth on 
vomer very strong with only 2 to 9. 

The spawning-time and habits of this group are unknown. They 
have a special interest because of their near alliance to the pilchard and 
the sprat, as already pointed out. They further show an alliance to the 
herring of Japan. 

TJie relationship between the characters of ilie Hen-imj-races and their 
surroundings. — So far this brief summary has dealt with the observations 
of Dr. Heiucke and the conclusions or classification drawn therefrom, and 
with regard to these it should be remembered that nothing must be 
looked upon as definitely fixed for all time. Future research of Dr. 
Heincke or of others may cause some of the groups to be broken up, 
decreasing or increasing their number. 

Heiucke's work embodies the present state of knowledge on the 
question, and forms a basis for future research. Its importance is shown 
when we consider the complex relationships of marine life. The first 
principle is that the herring as individual, race, and as species, lives in 
harmony with its surroundings, and therefore undertakes no wanderings 
into other places with other conditions of life. This principle, seemingly 
«o simple and self-evident, will be seen to be of importance in connection 
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with the question of migration ; for the present, what we know of these 
surroundings may be touched upou. 

This subject has been dealt with by the Scotch naturaUsts Matthews, 
Ewart, and Brook,* but they did not follow up the relation of the physical 
and biological surroundings, on the one hand to the wanderings, on the 
other hand to the bodily structure. 

The first relation has been displayed quite recently by the Swedish 
scientists, t The herring which occur in winter off the Bohuslan coast, 
in the Kattegat, appear and swim hi the " bank-waters " which are 
formed by the mingling of the Baltic stream and the Atlantic Ocean. 
These "bank-waters" have certain distinct qualities, of temperature, 
salinity, and with regard to the organisms living in them. The correlation 
thus established is of great importance, and may possibly be regarded as 
the beginning of greater discoveries. In 1896, the herring fishing off" 
I^huslan was a failure, and it was found that this was associated with the 
presence of an abnormal amount of Baltic water. 

So in other places, as with the fluctuations in the quantities of herring 
off the Scottish east coast, the changes in the spawning places in the Firth 
of Clyde and Loch Fyne, the reasons will be similar though much more 
complex. The return of the shoals periodically, year after year, to the 
same place will depend for the most part upon whether the conditions 
at those places remain the same. 

On the other hand, Dr. Heincke by his work has been enabled to point 
out certain relations between bodily structure and the surroundings. 
How far these are real, of course, only future research can show. 
Thus, as the salinity of the Baltic diminishes from west to east, the 
"constitutional size of the ripe" herring becomes smaller — so does the 
number of the vertebrae and the breadth of the skull ; the body becomes 
shorter ; the lengths of head and tail become greater, and so does the 
difference in position between the dorsal and anal fins. 

Again, those herring which grow in very warm, shallow, and brackish 
water, as those of Schley and Zuyder See, have an extremely small number 
of vertebrae to the first haemal arch. And again, the herring with the 
most considerable constitutional size, and likewise tlie largest number of 
vertebrae, live on the coasts of the northern North Sea, of Norway and Iceland. 
These are perhaps most directly under the influence of the salt oceanic 
waters. Such observations naturally offer a great field of speculation to 
the physiologist, and — shall we say — also to the "natural selectionist," but 
for the present we may content ourselves with regarding them as isolated 
facts until cumulative evidence points to some probable solution. 

The consideration of the relations between the herring and its physical 
and biological surroundings naturally leads to the question of migration^ 
and here we find Dr. Heincke still more reserved in his conclusions. It 
has been the custom to think vaguely and talk vaguely of the periodic 
incomings and outgoings of the herring shoals between the Atlantic Ocean 
and the North Sea. 

Now, we have no proof of this extensive migration — indeed no signa 
of it that cannot be explained otherwise, and it may be seen that the 
whole weight of Heincke's observations is in the scale against it. The 
division into races simply means division of dwelling-places, and just as 
there is room enough in the North Sea and Baltic Sea for the gadoids, 
the pleuronectids, and innumerable other species, there is room enough for 
a few races of herring. Just as Sir John Murray considered that the 

* Reports of Scottish Fithery Board, I. to V., also by F. G. Pearcey in 1885, but 
unfortunately, the work of the latter has not yet been road by me. 

t See Summaries by J. T. Cunningham, Jovrnal Marine Biolomcal Atsoeiatian^ Vol. 
IV., 1895-97, p. 233 H sfq. ; and by W. Garstang, do., Vol. V., 1897, p. 66 et seq. 
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herring of the Firth of Clyde remained there permanently, coming out of 
the deep holes to spawn on the flatter, shallower grounds, so Dr. Heincke 
considers that the herring never go very far away from their spawning 
places. 

A number of reasons to support this view will suggest themselves to 
those who understand the significance of the race-divisions, and we may be 
content with the position of Dr. Heincke. These are tlie facts, let those 
who uphold the extensive migration theory contradict or explain them away. 

There is, however, the appearance of the summer- and autumn -herring 
on the east coasts of Scotland and England which has always seemed to 
lend countenance to the migration theory. As is known, the summer 
herring fishing begins in the North near the Shetland Islands in May or 
June, then it gradually spreads along the coast in usually a southerly 
direction, so that off Peterhead the fishing is towards the end of Juue, 
further south in August, and so on until the Dogger Bank is reached and 
there is a break. This is the case with the herring fishing, but it is not 
necessary to believe that the herring shoal or shoals are taking this course. 
Indeed, for a fish whose spawning habits are so well defined both in 
time and place, the fact that the spawning on the east coast is spread 
over five months — May to September — of the year, would suggest another 
conclusion — viz., that the shoals, though of the same race or group (V.), 
may consist of several diifereut local forms with diflerent instiucts leading 
them to spawn at slightly different times, in slightly different regions, and 
consequently under different conditions of environment. If we suppose 
that these shoals, impelled by their spawning instinct at the appropriate 
seasons, emerge from the more northern and middle portions of the North 
Sea as well as from the neighbouring portions of the Atlantic Ocean (to 
the west of the Shetlands), the explanation would agree with what we 
know of the facts. It is like a succession of waves striking obliquely on 
the shore and thus giving the appearance of the progression of the foam 
and spray along the beach. 

This is the alternative to the extensive migration hypothesis, with the 
distinct advantage of lending itself more readily to proof or disproof. If 
the herring shoals fail to appear when and where they are accustomed to 
appear, we should expect to find them at the same time in similar regions 
not so very far away. 

This leads on to the consideration of the practical importance of these 
studies and conclusions of Heincke. Since we believe in the rational co- 
ordination of events which declares that the herring as individual, as race, 
and as species is in harmony with its surroundings, then, since these races 
have been shown to be distinct from one another, and we have signs also that 
the surroundings are distinct, we should be able to connect any changes 
in the movements of the herring with changes in the environment. This 
is not a mere truism, as an example will show. The autumn and winter 
herring-fishing off the Bohuslan coast in the Kattegat has been already 
referred to, and the question has been much discussed — Whence come 
these herring; from the Norwegian or Danish coast? Pettersen said 
originally that they came in with the Danish " bank-water." This was 
afterwards questioned,t and so a doubt arose. Heincke has, however, 
shown that his conclusions agree with the first — viz., that these winter- or 
sea- herring of Bohuslan are the autumn- herring of the Skagerrak and of 
the bordering portions of the North Sea. They do not come from the 
Norwegian spring- herring, because they form quite a different race (II.-V.). 

Thus from the study of structure we may be able to test the conclusions 
reached with regard to the natural history of the herring by those starting 
from the other side — viz., from the study of the surroundings. Both 
lines of research are far from complete, but they have been well begun. 

1 J,M,B,A,, 1896-97, op. cit 



Digitized by 



Google 



Glasgow: Printed by JAMES HEDDERWICK & SONS 
For Her Majesty's Stationery Office. 



Digitized by 



Google 



[)E OF Ti 

win.r 1 



'] 'Britisli 

<.n. 



Teau*. 
onCn 



are published daily — ' 
per 8 p]j- 
itormatioii 

Hen tail ves in Foreign Countriaii, aud RepoiUi 



en 

by 
•h. 



lallenger, HJMS. A Report on fch( 
1873-76, under the command of Ca 



Rte Trials, h> 

1820 :ind the i ■ 

the Lord Chancellor, iwy. 8vu. 182 

the -^ • ^ 

CaptAin ' 
frank Turle Thomson, R.N. Prepared m 
Wyville Thomson, Knt., F.R.S. ; and n' v.C.B. Complete 

Jn Fifty Volumes. Price lOK. 15s. 

^ litary :— 

RMY. )/- , , .._.._, 

for. 1898! 
Snqinbeiw. Field. Drill. 
Memcax Corps. Royal Akmy. Manual for the. 1899. ( 

Do. Extract from the. Sec. TT. DrillB and E^fcrciRe^. i 

NiLF 
tlic 
RuODEiiiA. .^ 

C.M.G. J^ 

JODAK. T' 11., nLst 

Supply^ i is for. 1 

ToLUNTEEKs IN r.Bn;.\ F.aiMKNTAi. 1JAMP8. urders and Keguiaiious lor. iVIay 

1898. Price Id, 
Naval :— 

Tide Tables for Briti.sh and Trisli 1«99 Price 2s 
neolo^: 

Caiu . o^ 

Sussex . Water supply eu t 

R<3id. av 

Local Government Board:— 

UkKAN OiSTRK tx m- T.ovcTON and FbNTON. Pwj^ 

D 
Epii' if, Bonovr.H <>F Ti NbRiixji- 

fiome Offic 

Mines IN i.vc. . Mir,.- .v..-.-.... ...-- -.i. . u.vi x. i . 

Friendly Societies Registry Office. The Guide Bool in r, /. 

Emigrants' Informa- *~ y, Westmmatci, viz. . 

CoLoNiEH, Hanp 8vo. Wrapper. 

No. 1. Canada. South ^ 

5. Queensland. > New 

9. Cape Colony. iU " ' id. each. 

No. 11. Professional k. dealing. h. 12. 

Eli." ral Hand; 

No. ii). 



ins, 
2s. 

2s. 

Od. 



price l(i. South African Repul! 
Office :— 
Afbica by Treaty. The M&v 



West Indies, prici 



Vol. 



Kew : Boyal Botanic Gardens. 



.....\ rvT, ..nij.u 



Uaueous Informal 



SEVENTEENTH 



ANNUAL REPORT 



FISHERY BOAiiD wa ttUUlLAiNK, 



Being for the Tear 1898. 






Paiit 

Part IIERIES. 

Pabjt m.— scientific INVESTI( 



PART III.— SCIENTIFIC INVESTIGATIONS. 



^' to i^atiiHrncftl bii (T Dm numb of ^rr inuici.(u 



i> FOR HI 






[C. 9382.]— Price Ss. 6(1 



Digitized by 



Google 



Digitized by 



Google 



3 2044 106 284 573 



Date Dim 



Digitized by VjOOQIC 



